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PREFACE 


The preparation of tliis hook was motivated by a longfelt need for a 
eoneise yet fairl}^ comprehensive textbook of paleob(jtany for use in 
American collegers and universities. Although separate courses in 
pal(M)botany arc* not offered in many institutions, fossil plants are fre- 
quently tr<'at(Ml in regular courses in botany and paleontology. In these 
courses botli student and instructor are often compelled to resort to 
widely scattered publications, which are not always conveniently avail- 
abki. Lack of ready a(H*ess to sources of information has retarded 
instruction in })al(M)botany and fias lessened th(^ number of students 
sp(‘(aalizing in this field. Another effect no less serious has been the 
frequent lack of appreciation by botanists and paleontologists of the 
importances of fossil plants in biologi(*al and geological science. 

Th(‘ two works of i-(‘f(‘rence principally used by Jbitish and American 
students of j)al(*obotany within recent decades have been Seward’s 
Fossil Plants” and Scott’s Studies in Fossil Botany,” the former con- 
sisting of four volumes published at intervals between 1898 and 1917, 
and th(' latter of t wo \'olum(^s, the last edition of which appeared in 1920 
and 1923. Both aix^ now out of print, and although they will continue 
to occupy a prominent place among the great works in paleobotany, they 
are alnaidy in many r('spe<ffnS obsplete. Since the publication of the last 
(Hlition of Scott’s ^SStudies,^^ maiiy new and important discoveries have 
been made, whi(*h have not only added greatly to our knowledge of fossil 
plants but whicrh have altered our interpretations of some of them. 
Many of the lunvc'r contributions have resulted from technicpies scarcely' 
known to the w rit(‘rs of the first quarter of the present century. These 
new techniques liave also brought about certain shifts of emphasis, 
wiiich are evident when one compares certain portions of this book with 
the WTitings of 30 years ago. 4 

The arrangement and scope of the subject matter is in pam the result 
of 17 years of experi('nce in teaching a small course in paleobn^ai:/ open 
to advanced undergraduate and graduate students, most of whom were 
majors or minors in botany or biology. The approach to the subject is 
therefore essentially botanical. Paleobotany as a subdivision of paleon- 
tology can be treated either biologically or geologically, but the two 
approaches are so different that to try to combine them would result only 
in confusion and lack of clarity. The present arrangement, therefore, is 
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followed partly because of the necessity of making a choice, but mostly 
because of the author's conviction that it is best for instructional 
purposes. The author is not unaware of the preoccupation with paleo- 
botany of many geologists who might with, good reason prefer a presenta- 
tion following the geologic time scale. Their requirements are met to 
some extent by the inclusion of the chapter on The Sequence of the Plant 
World in Geologic Time, in which an effort is made to summarize the 
floras of the eras and periods. Then, in dealing with some of the plant 
groups, the most ancient members are described first, thereby giving some 
idea of the major steps in development from their first appearance down 
to the present. 

In making selections of subjcvt matter an author can hardly a^'()id 
being partial to his particular interests to the neglect of other inaierial. 
In spite of an effort to avoid bias, the ready admission is made that this 
book is not free from it. In order to keep the volume within practical 
size limits, much important material had to b(' rejected arbitrarily. Thci 
work of Americans has been heavily drawn upon because there is a, wealth 
of information on fossil plants of the Western nemisphere that has been 
only casually, if at all, utilized by European textbook writers and that 
deserves to be emphasized in a book intended to meet the needs of 
American students. Wherever possible North Ameri(*an plants are used 
for description and illustration in place of the more familiar and rnorc^ 
often figured Old World forms. This book, therefore, will not serve as a 
substitute for the larger and more comprehensive Avorks on paleobotany, 
w^hich advanced students will still find indispensable. For them its main 
value will be the presentation of new^ developments and new points of 
view. 

Although American fossil plants have been given more emphasis than 
heretofore, the author has not neglected to stress discoveries which haA^e 
come to be looked upon as landmarks in paleobotany. Brongniart’s 
classification of Paleozoic fernlike foliage, Grand'Eury's elucidation of 
the Paleozoic gymnosperms, the discovery of the seed-ferns by Oliver 
and Scott, and the labors of Kidston and Lang on the plants of the 
Rhynie Chert all taken together constitute a major part of the framework 
of present-day paleobotany, and failure to place due emphasis on them 
Avould give a distorted and incomplete vieAv of the whole subject. 

Whenever possible neAv and original illustrations are provided, but 
when previously published ones are used an effort has been made to select 
those which have not been previously copied in textbooks. The reader 
may notice that many of the familiar textbook figures are absent. With 
only two or three exceptions all the original photographs were made by 
the author, as were also most of the line draAvings and diagrams. 
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Some of the more difficult drawings were prepared by Eduardo Salgado, 
Philippine botanical artist employed at the University of Michigan. 
Most of the photographed specimens are in the collections of the Museum 
of Paleontology of the same institution. 

Because most of the manuscript was written during the course of the 
Second World War, it was not possible to correspond as freely as was 
desired wdth foreign paleobotanists, and consequently the author has 
been forced to rely upon his own judgment concerning some matters 
where counsel from colleagues abroad would have been of value. Dr. 
Ralph W. Chaney very obligingly read and gave constructive criticdsms 
of the chapter on flowering plants. For this the author is indeed grateful. 
For photographs and figures submitted by others, individual acknowl- 
edgments arc made where they appear in the text. 

Geological names, when applied to North America, conform in most 
instances to the accepted practice of the United States Geological Survey. 
For foreign countries the terminology current in each country is used. 


Ann Akbor, Mich., 
July, 1947 


Chester A. Ar.vold 
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CHAPTER I 

INTRODUCTION 


Paleobotany is the study of the plant life of the geologic past. It is 
a part of the more comprehensive science of paleontology, although in 
general practice the latter is concerned mainly with animal remains, and 
plants receive only brief consideration. Just as paleontology is outlined 
by the overlap of the realms of biology and geology, paleobotany rests 
upon botanical and geological foundations. So inseparable is it from 
these basic sciences that except for taxonomic terms it has no terminology 
exclusively its own, but it utilizes those technical appellations that have 
become standardized for living plants and for the rock formations in 
which the plants are preserved. 

Paleobotany can be approached from the viewpoint of botany, wherein 
emphasis is placed upon the plant, or from the geological angle in which 
the rock containing the fossils is the primary concern. Whatever the 
purpose in studying fossil plants maybe, an intimate and thorough knowl- 
edge of the principles of both botany and geology is essential for a com- 
plete understanding of the subject. 

Our knowledge of the plant life of the past has been assembled from 
the fragmentary fossil remains preserved in stratified rocks. These 
rocks are superimposed upon one another in series, with the older ones 
at the bottom and the younger ones toward the top. The layers vary 
greatly in thickness, composition, and lateral extent. Some lie nearly 
horizontal and maintain a fairly uniform thickness over large areas. 
Others may be thick at one place and thin at other places, or they may 
be localized and disappear altogether when traced for short distances. 
These differences in vertical and lateral extent are dependent upon the cir- 
cumstances under which the rocks were formed and upon the amount of 
erosion to which they have been subjected since their formation. Strati- 
fied rocks are built up of sediments that accumulate in the bottoms of 
seas, lakes, lagoons, swamps, subsiding beaches, and flooded valleys. 

The sequence of the stratified rocks is rendered visible to us chiefly 
through the processes of erosion. Streams everywhere cut deeply into 
the underlying formations and expose them to view in the walls of ravines 
and canyons (Figs. 1 and 3) and on the more gently sloping sides of 
valleys. Waves carve high and often fantastic cliffs along the coast 
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(Fig. 2), and differential erosion frequently produces striking landscape 
features on the surface of the land. In addition to the work of natural 
forces, the activities of man have uncovered the strata in otherwise 
unexposed places by means of drill holes, mine shafts, quarries, and rail- 
road and highway excavations. 

The total thickness of sediments that have accumulated since the 
beginning of decipherable geologic time amounts to several miles, but at 
no place on the surface of the earth is the entire sequence visible. This 



Fig. 1. — View of part of the Grand Canyon of the Colorado River. The formations 
exposed to view range from the pre-Cambrian to the Permian. This is probably the most 
striking manifestation of stream erosion of sedimentary strata anywhere in the world. 


is because nowhere, with the possible exception of some places in the 
deepest parts of the ocean, has deposition been going on continuously at 
any one place without interruption from the beginning. Subsidence of 
the land below water level, which is ordinarily necessary for the deposition 
of sediments, is followed after time intervals of varying lengths by eleva- 
tion above the water, and then erosion may again remove part or all of 
the deposit. The material thus eroded is redeposited in adjacent areas. 
The deposition and formation of stratified rocks therefore go on inter- 
mittently within any particular area. The stratigraphic sequence there- 
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fore within any particular region will often show interruptions. These 
interruptions, which are caused by cycles of deposition and erosion, are 
called ^‘unconformities/^ An unconformity may represent a time lapse 
of almost any length. Unconformities may be recognized by the dif- 
ference in the character of the rocks above and below the break, or by 
means of conspicuous differences in the fossil content. Then there are 
other factors that may disturb the orderly sequence of rock strata. Some 
of these are faulting, folding, solution, and intrusions of lava. 



Fig. 2. — Turnip Rock, along the shore of Lake Huron, Huron County Michigan. This rock 
is the result of the under-cutting of Mississippian sandstone by wave action. 


The primeval rocks of the surface of the earth were igneous and 
crystalline, but before the beginning of decipherable time the processes 
of erosion liad been at work for millions of years removing particles of 
rock from the higher places and depositing them in depressions and 
hollows. Thus by the time the oldest known life had come into existence, 
the original surface of the land had been rebuilt to a considerable extent. 
It is probable that at no place on the earth are the first formed rocks; 
preserved at the surface. Even extremely ancient ones such as thosb 
which constitute the Adirondack Mountains or the Canadian Shi^d ^ow 
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evidence of transportation and deposition of the component materials 
similar to that which was responsible for the formation of the rocks of 
later ages. 

The major divisions of geologic time (the eras) are based principally 
upon the life that characterized them as revealed by the fossil content of 
the rocks. The oldest rocks that can be satisfactorily dated belong to the 
long era known as the “pre-Cambrian.” Evidences of life during this 
time consist mainly of limestones thought to be of algal origin, problem- 
atic bacteria, and marks probably representing the trails of primitive 



Fig. 3. — Tertiary basalt formation along the Columbia River near Vantage Bridge, 
Washington. The superimposed layers are the result of a succession of lava flows. Lava 
sheets like these are frequently interbedded with layers of ash which furnish an excellent 
environment for the preservation of leaf compressions and petrified parts. 

wormlike organisms. Then came the Paleozoic era, with a multitude of 
marine invertebrates, fishes and amphibians, and spore-bearing plants 
such as lycopods, scouring rushes and ferns, and naked-seeded plants 
belonging to the Pteridospermae and the Cordaitales. It was during the 
early or middle Paleozoic that land vegetation appeared upon the earth. 
The Mesozoic was the age of dinosaurs, and its seas were populated with 
giant squids and ammonites. It was also an age of gymnosperms, as 
evidenced by the abundance of cycadophytes and conifers. Toward the 
end *^of the Mesozoic the flowering plants underwent a phenomenal 
development to become the dominant plant group that they are today. 
The rapid rise of the flowering plants near the end of the Mesozoic was 
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Geologic Time Table as Adopted by the United States Geological Survey 
Era Period (System) Epoch (Series) 

1 .. , /Recent 

{pleistocene 

/Pliocene 

ScL 

I Eocene 


Mesozoic 


("retaceous 

Jurassic. . . 

I 

Triassic . . . 


^Carboniferous. . . 

I Devonian 

Paleozoic / Silu rian 

/Ordovician 

yCanibrian 

Proterozoic- -pre-Cambrian 


Upper 
Lower 
Upper 
Middle 
Lower 
Upper 
• Middle 
Lower 
Permian 
■ Pennsylvanian 
Mississippian 
Upper 
Middle 
Lower 

( Upper 
Middle 
Lower 

{ Saratogan 
Acadian 
Waucoban 


followed by the spread of land mammals, which marked the beginning 
of the Cenozoic. 

The geological approach to the subject of paleobotany is mainly from 
the standpoint of the correlation of rock formations. Fossils are the 
markers of geologic time. For purposes of correlation, plant fossils are 
used either alone or as supplements to animal fossils. Rocks in widely 
separated localities containing similar floras and faunas are usually 
assumed to be of approximately the same age. The largest divisions of 
geologic time (the eras) are based upon the presence in the rocks of major 
groups of organisms, and the smaller units are demarked in turn by lesser 
groups. Final subdivisions may rest upon the presence of certain g^era 
or species, or sometimes merely upon the relative abundance of a species 
or a group of species. Sometimes, however, there are discrepanci^ 
in the age as indicated by the fauna and by the flora. If we assume 
that the organisms are correctly determined, such discrepancies may be 
due to unexplained environmental factors under which the organisms 
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lived. Those animals most used for correlation are marine invertebrates, 
which represent an aquatic environment. Plants, with the exception 
of algae, are mostly terrestrial. The greatest age discrepancies occur 
in rocks representing periods during which rapid faunal and floral changes 
were taking place. Sometimes both sets of organisms did not change 
at the same rate, with the result that an older fauna may overlap a 
younger flora, or vice versa. Usually, however, major floral changes 
have occurred first during geological time, to be followed by changes of 
similar magnitude in tl[ie fauna. For example, the Mesozoic flora began 
to develop in the Permian, and the plant groups that characteiize the 
Cenozoic had become well established iij the Upper Cretaceous. Thus 
in at least two instances during the geologic past, large-scale plant evolu- 
tion has preceded comparable progress in animal evolution by a time 
interval approximately ecpial to one-half of a period. 

From the botanical standpoint the aims and the objectives of paleo- 
botany are not essentially different from those of the study of living 
plants insofar as they pertain to the interpretation of structure, morphol- 
ogy, distribution, ph 3 dogeny, and ecology. Paleobotany differs from 
other branches of botany principall}^ in the techni(|ues emplo^^ed. Petri- 
factions require special equipment for sectioning, and various chemical 
treatments are often used for removing opaciue substances or for swelling 
the tissues fn c(3mpressions and in lignitized and bituminized remains. 
Incomplete preseivation is usually the limiting factor in the study of 
fossil plants because the plants are seldom found whole with all parts 
present and all tissues intact. As a result of the fragmentary condition 
of most fossil plants, the bulk of the paleobotanical knowledge extant 
today has been assembled piece by piece from numerous detached and 
often isolated parts. 

The task of classifying fossil plants is not only difficult, but is fraught 
with numerous chances for error. The paleobotanist must frequently 
work with plants belonging not only to extinct genera and species, but 
to extinct families or orders or even classes of the plant kingdom. In 
general it may be said (although many exceptions must be allowed) that 
, the older a fossil plant is, the wider the categorical rank becomes which 
will include both it and its nearest living equivalents. For example, 
most of the Miocene conifers found in North America can be identified 
as the same as or very close to species that are in existence somewhere 
on the earth at the present time, but in the late Mesozoic it is usually 
possible to identify them only to genera. They seem to belong for the 
most part to extinct species. Then in the Jurassic modem coniferous 
genera are diflScult to recognize with certainty, but the remains can some- 
times be assigned to families that have modern representatives. In the 
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late Paleozoic, where the conifers first appear in the fossil record, they 
cannot be classified with the living conifers into groups smaller than 
orders. Before this, all known gymnosperms belong to extinct orders 
and probably to extinct classes. Therefore, since the paleobotanist is 
often confronted with plants belonging to extinct groups, the foliage, 
stems, and reproductive organs may appear strange and unlike those 
exhibited by any living plants with which he is familiar. For a proper 
understanding of these ancient plants, the investigator must be equipped 
with a thorough knowledge of a wide range of plant forms and should be 
well versed in the essential characteristics of the families, orders, classes, 
and divisions of recent plants. This knowledge may then serve as a 
basis for the classification of the ancient forms. C-lassifi cation and nam- 
ing, however, are not the only objectives in the study of fossils. One 
also endeavors to learn as much as possible about the plants as organisms 
— how they grew, how they reproduced, and what their environmental 
adaptations might have been. 

The facts derived from a study of fossil plants are of paramount 
importance for tlic bearing they have had on the broader subjects of 
phylogeny and evolution. It has long been hoped that extinct plants 
will ultimately reveal some of the stages through which existing groups 
have passed during the course of their development, but it must be 
freely admitted that this aspiration has been fulfilled to a very slight 
extent, even though paleobotanical research has been in progress for 
more than one hundred years. As yet we have not been able to trace 
the phylogenetic histor}^ of a single group of modern plants from its 
beginning to the present. The* phylogeny of plants is much less under- 
stood than that pertaining to some groups of animals, such as the horses 
and elephants, for example. Two factors account for this (1) the imper- 
fections of the fossil record, and (2) disagreement as to the meaning of 
various characteristics in a natural system of classification. Further- 
more, different parts of plants have not always evolved to an equal extent 
or at the same rate, and within xmrelated series of plants comparable 
parts have often developed along parallel lines. Whether these pheno- 
mena are the results of unknown factors in the environment or of other 
forces is not clear, but the fact remains that great caution must be exer- 
cised in postulating relationships on the basis of a few structural simi- 
larities. Some of the outstanding examples of parallel development 
revealed by fossil plants are the production of seedlike bodies by certain 
of the Paleozoic lycopods and the development of elaborate floral organs 
resembling the flowers of angiosperms in the Mesozoic cycadeoids. 
These examples do not mean that the lycopods are intimately related to 
any of the gymnosperms or flowering plants or that the cycadeoids were 
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in line with flowering plant evolution. The independent formation of 
secondary wood in various plant groups is another outstanding example 
of parallel development. At some time during the past this tissue has 
appeared in some members at least of practically all the vascular plant 
groups. Resemblances that are the result of parallel development also 
extend to habit. The superficial resemblance of the stem and foliage of 
Casuarina^ an angiosperm, to Equisetum is w^ell known. Conversely, 
closely related plants may develop along noticeably different lines. The 
Paleozoic lepidodendrids and sigillarians are examples of lycopods 
which became large trees quite different from the small and inconspicuous 
species which make up the lycopod group at the present time. 

The main contribution of paleobotany to natural science has been a 
more adequate picture than could be gained from living plants alone of 
the relative importance of the diflerent groups constituting the plant 
kingdom. For example, paleobotanical studies have show n us that one 
of the smallest of living plant groups, the Equisetales, has a long history, 
and W'hen regarded in the light of its past, is an assemblage of a number 
of families. Not only w^ere the Ecjuisetales at one time a large group, 
but at the height of their development there existed contemporaneously 
other closely allied groups that have been extinct for millions of years. 
The fossil records of the genus Ginkgo reveal a similar history. Ginkgo 
biloba is the lone survivor of an order of gymnosperms that contained a 
dozen or more genera during Mesozoic times. The lycopods and ferns 
have similar records. In addition to showing the true status of Recent 
plant groups in the past, paleobotanical research has brought to light the 
existence during the past of others which are entirely extinct and have 
left no near relatives, examples being the Psilophy tales and the ‘‘seed- 
ferns,^’ both from the Paleozoic. The influence of a knowledge of extinct 
plants on our concept of relationships betw^een living types has been 
profound. 

During the past many plant groups arose to a place of prominence, 
only to decline and have their place taken by others. Plant evolution, 
therefore, has not always been progressive, but has involved innumerable 
changes and constant experimentation with new types. The fossil 
record is replete with examples of the development of elaborate vegetative 
and reproductive structures in plant groups of which the recent members 
are considered primitive. Examples are the seedlike organs of some of 
the ancient lycopods, the complex strobili of CheirostrobuSj and the 
“flowers” of the Mesozoic cycadeoids. These structures all represent 
extreme specialization along particular lines within restricted groups. 
However, this was accompanied by corresponding loss of plasticity, and 
when the plants were confronted with far-reaching environmental 
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changes they were unable to modify themselves sufficiently to cope with 
the new conditions. In plants, as with many animals, the highest state of 
development was often attained just prior to complete or near extinction. 

A fact that has been well emphasized by paleobotanical studies is 
that the increase in complexity of plants seen in the Thallophyta, Bry- 
ophyta, Pteridophyta, and Spermatophyta series, and which was once 
the central theme of morphological thought, does not depict a phy- 
logenetic sequence. It is still tenable that the Thallophyta were probably 
the starting point for all higher plant evolution, but it is more than likely 
that several of the higher types have evolved from this group independ- 
ently of each other. There is no reason whatsoever to suppose that the 
so-called Pteridophyta arose as one complex from the l^ry ophyta, or that 
seed plants evolved as one type from the pteridophytes. The terms 
Pteridophyta and Spermatophyta do not embrace natural, or in all cases, 
even closely related groups, but they include several assemblages having 
independent origins. For example, the fossil record shows the lycopods 
and scouring rushes to be independent lines as far into the past as they 
can be traced. The same is true with respect to either of these types and 
the ferns. Moreover, the seed plants can be traced to a period almost 
as remote as the ferns. When, and from what earlier forms seed plants 
originated, we can only guess, although it is quite reasonable to assume 
that their ancestors were spore producers of some kind, maybe ancient 
fernlike plants, or possibly even the more primitive members of the very 
ancient Psilophvtales. However, it is not advisable to assume that all 
seed plants arose from the same source. There is no proof that the con- 
ifers and cycads had a common origin, and the problem of flowering 
plant origin is the most enigmatic of all. 

Classification of Plants 

The reason for classifying plants is to facilitate the arrangement of the 
different kinds into an orderly sequence so that their relationships to one 
another can be better understood. The older systems were based entirely 
upon living plants and whatever information was available concerning 
fossil species was utilized little or not at all. Before 1900, however, it 
became apparent that fossil plants revealed many facts concerning the 
status of some groups that are not expressed by living plants, and since 
that date the influence of paleobotany upon classification has become 
increasingly apparent. 

There is no perfect and final classification of plants. Several systems 
are in use at the present time, and each has its stanch advocates. Those 
which are in use and which seem quite satisfactory today may be obsolete 
tomorrow, when they will be replaced by others more in accord with 
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advancing knowledge, and they will be subject to change as long as a 
single fact concerning the morphology, cytology, structure, or life history 
of any species remains unknown. The system followed in this book is 
believed to be the one that best expresses the relationships of extinct 
plants, as they are now understood, to the plant kingdom as a whole. 

The plant kingdom can be logically and conveniently divided into 
two groups, or subkingdoms, which, without the necessity of using 
technical terms, may be termed the nonvascular and the vascular plants. 
The nonvascular plants, which lack highly developed food and water- 
conducting tissues, consist of two divisions, (1) the Thallophyta, which 
in turn is divisible into the Algae and the Fungi, and (2) the Bryophyta, 
which consists of the Hepalicae (liverworts) and the Musci (mosses). 
The study of fossil plants has brought little to bear upon the structure 
and morphology of the nonvascular plants, so this simple and conven- 
tional scheme based upon the living members is wholly acceptable from 
the paleobotanical standpoint. It is upon the vascular plants that 
paleobotanical discoveries have had the most important bearings. 

The body of the vascular plant has a highly organized food-and water- 
conducting structure called the ^^stele.^^ It contains the xylem and the 
phloem. The classification scheme that has probably been used by more 
botanists than any other divides the vascular plants into two divisions, 
the Pteridophyta (spore bearers), and the Spcrmalophyta, (seed plants). 
This was the outgrowth of an older system of Cryptogamia and Phanero- 
gamia. The former embraced all nonvascular plants and those vascular 
plants which reproduce directly by spores. The Phanerogamia are 
equivalent to the Spermatophyta. 

The Divisions. — Under the system of Pteridophyta and Sperma- 
tophyta the main categories are as follows: 

Division Pteridophyta — ferns and 'Tern allies'' 

Class Lycopodineae — lycopods 
Class Equisetineae — scouring rushes 
Class Filicineae — ferns 

Division Spermatophyta — seed plants 
Class Gymnospermae — gymnosperms 
Class Angiospermae — flowering plants 

*r‘ 

This system was founded entirely upon living forms, but with the 
iocrease in knowledge of fossil plants combined with a better understand- 
ing of the fundamental structure of the plant body, this scheme has been 
found to possess at least two basic weaknesses. In the first place it 
assumes that seed production alone is sufiicient to set one group apart 
from another regardless of certain anatomical similarities that may exist 
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between them. However, we know from the evidence furnished by 
certain fossil forms that seeds have been developed in different groups 
during the past, and that, when considered by itself, seed formation is not 
a final criterion of affinity. The second weakness is that it ignores 
anatomical evidences, factors which we have every reason to believe are 
as basic in classification as reproductive structures. From a wider 
knowledge of plants, both living and extinct, it now appears that a more 
fundamental basis for classification consists of three characters as follows: 
(1) nature and relation of leaf and stem, (2) vascular anatomy, and (3) 
position of the sporangia. On the basis of these the vascular plants may 
be divided into four divisions as follows: 

Division l^silopsida— the Psilotales (living) and the Fsilophytales 
(extinct). The Psilotales were usually included within the Lycopo- 
dineae in the older classification, and the Psilophytales were 
usually ignored because they have no living members. Sometimes 
they were added as a separate class, the Psilophytineae. The 
Psilopsida often lac^k leaves, and when they are present a vascular 
supply is absent. The sporangia are terminal on the main stem or 
a side bramdi and consist essentially of an enlargement of the stem 
tip containing sporogenous tissue. The assumed affinity between 
the Psilophyt ales and the Psilotales is entirely on a structural basis. 
They have no connection in the fossil record. 

Division Lycopsida- the lycopods (Lycopodineae of the older classi- 
fication). Leaves small, simple, spirally arranged and provided 
with a vasculai* system. Sporangia adaxial, sessile, and borne on 
or in close proximity with leaves (sporophylls). No leaf gaps are 
present in the primary vascular cylinder, and the exarch condition 
prevails. 

Division Sphenopsida (also called Articulatales, Articulatineae, 
Arthophyta, etc.) — the scouring rushes and relatives (Equisetineae 
of the older classification). The stems are jointed and bear whorls 
of leaves at the nodes. The leaves are attached by a narrow base 
or are coalescent, but sometimes broadened distally. The spor- 
angia are on specialized stalks called ‘^sporangiophores,’^ usually 
peltate or recurved. 

Division Pteropsida — ferns, seed-ferns, gymnosperms, and flowering 
plants (Filicineae and Spermatophyta of the older classification). 
The members are predominantly megaphyllous and leaf gaps are 
present in the primary vascular cylinder of all except protostelic 
forms and a few of the very ancient gymnosperms. The sporangia 
(wherever the position is clearly determinable) are abaxial on 
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modified or unmodified leaves. The mesarch and endarch condi- 
tions prevail in the primary vascular system. 


/Angiospermae . 


Pteropsida^ 


Outline of the Classification of Vascular Plants* 

{ Monocotyledoneae\ 

* \ Dicoty Icdoiieae 
f Gnctakis 

i Coniferales 

Cordaitales )Spermatophyta 

Girikgoalcs 
Gycadeoidales 
Cycadales 
^ Pteridosperniao 

( Filicales 
Marattiales 
Ophioglossale^s 
Ck)enopteridales 
f Equisetales 
i Calaniitales 

Sphenopsida — Articulatae < Sphenophy Hales 

f Pseudoboriiiales 


\Filicineae . 


Lycopsida . 


iHyenialcs >Ptoridophyta 

^ lso(5tales 
Pleiiromeiales 
Ijepidodondrales 
SelagincJIaKs 
\LycopodiaIes 
f Psilotales 
' 1 Psilophy tales 

* Sirnplifiod and slightly modified from that given in A.J. Eairies, “Morphology of Vascular Plants, 
Lower Groups,” New York, 1936. 


Psilopsida. 


The Names of Fossil Plants 

Fossil plants are named according to the same set of rules that governs 
the naming of living plants, but the names usually refer to parts rather 
than complete organisms. Since the generic name may apply to only a 
leaf, a seed, or some other part, the genus is called a form genus or arti-^ 
ficial gejiuSj as contrasted with a natural genus. It follows that the whole 
plant may be known only as the sum of its separately named parts, and 
paleobotanical nomenclature is therefore complex. An excellent example 
of the involvement resulting from the use of separate names for the parts 
is furnished by the familiar and well-known arborescent lycopod Lepi- 
dodendron. This name, which is now understood as being applicable to 
the whole plant, was first given to a certain type of trunk which bore 
leaves described independently as Lepidophyllum. The cones that it 
bore are known as Lepidostrobus, the spores as Triletes, and the rootlike 
organs as Stigmaria. One may be inclined to question the purpose of 
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retaining names for the separate organs when we know to which plants 
they belong, but two considerations are involved. The first is that in 
most instances where the complete fossil plant has been reconstructed by 
the gradual assembling of the parts, these parts had previously been 
named, and these names are retained as a matter of convenience for descrip- 
tive purposes. The second is that when these parts were first named, 
the designations were often given in ignorance or at least in doubt of 
the affinities of the parts. There are scores of generic names in existence 
which apply to parts that have never been found attached to anything 
else. Also a generic name may include parts which appear alike but 
which represent a variety of closely related parts, as for example Stig- 
muria, which belongs not only to Lepidodendron but also to Lepidophloios, 
Bothrodendron, and Sigillaria, So unless the root is found attached to the 
stem (which it rarely is) we do not know to whic^h trunk genus it may 
belong. To many botanists the multiplicity of names handled by the 
paleobotanist may seem irksome oi* even ludicrous, but no system that is 
more satisfactory has ever been put into practice. 



CHAPTER 11 


HOW PLANTS BECOME FOSSILS 

When speaking of fossils, one ordinarily refers to the remains of. 
organisms that lived long ago. Upon death the body immediatel.y starts 
to disintegrate. If unimpeded, disintegration will go on until the wholes 
body is broken up into simple chemical compounds, which leach away 
leaving no evidence of its former existence, but under certain circum- 
stances the work of the agemts of destruction becomes halted and parts of 
the body may remain in visible form. These remains we sometimes call 
fossils. Fossils are lifeless and are incapable of responding to those 
stimuli which influence normal living creatures. They are relics of the 
past and no longer participate directly in the affairs of the contemporary 
world. In a given instance a fossil may be a bone of some animal belong- 
ing to an extinct race that has lain burie^d for (centuries in the accumulated 
debris within a cave, or it may be a shell dislodged by the waves from its 
resting place in the hard rocks along the shore. Or it may be the imprint 
of a leaf on a slab of fine-grained sandstone, or a fragment of charred wood 
in a lump of coal. 

It is difficult to give a satisfactory definition of a fossil. The word is 
derived from the Latin verb/odcrc, which means ^Ho dig^’; so originally 
it referred to anything one might remove from the earth. In modem 
language its usage is restricted to organic remains taken from the earth, 
and excludes objects strictly inorganic in origin or objects fashioned by 
man. On the other hand, the restriction does not extend to the remains 
of man himself if they represent prehistoric man. Like many definitions, 
a certain element of arbitrariness must be included to give the word 
meaning, but as ordinarily understood ^ fossil is the remains of a whole 
organism, some part of an organism, or the direct evidence of the former- 
existence of some organism preserved in the consolidated sediments of the 
earth. In addition, therefore, to actual parts, anything resulting from 
or indicating the former presence of organisms, such as tracks, trails, 
borings,, teeth marks, coprolites, and in some cases even chemical pre- 
cipitates are regarded as fossils. Chemical fossils include such things as 
sulphur and iron deposits that show evidence of former bacterial activity 
and limestones that have resulted from the deposition of calcium carbon- 
ate by algae. The actual remains of the causal organism may or may 
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not be present. Petroleum, on the other hand, has never been relegated 
to the fossil category although it is unquestionably of organic origin. 

Since a fossil can be defined only in an arbitrary way, there are certain 
limitations that must be imposed in addition to those mentioned. Obvi- 
ously, the body of an organism does not become a fossil the moment life 
departs (although the changes that take place at death are greater than 
those that come about later) and it may not necessarily become one after 
the lapse of a thousand or more years. Human bodies found in ancient 
tombs are not classified as fossils even though the bones of other con- 
temporary human beings found in swamp or flood-plain deposits or wind- 
blown earth might be so regarded if they showed eviden(;e of belonging to 
some prehistoric or uncivilized race. In Pleistocene or post-Pleistocene 
peat beds there are abundant plant and animal remains that are ver}'' 
ancient in terms of human history but which represent for the most part 
species still living. These do not differ in any essential respects from the 
similar remains that become annually entombed in the mud in the bottom 
of Recent swamps and lakes, although they may represent genera and 
species that no longer thrive in the immediate vi (unities of these swamps 
and lakes at the present time. In other words, they represent a flora and 
fauna of the past which no longer exist at that particular place. Because 
these remains do not represent the contemporary flora and fauna, one 
may, if he so wishes, call them fossils, but the preserving medium, though 
compacted, is not consolidated or indurated, and the enclosed remains 
represent only the preliminaiy stages in fossilization. Remains held 
within comparatively recent deposits are sometimes called subfossils, 
of which the classic example is the body of the frozen mammoth found 
several years ago in Siberia. This creature represented an extinct 
species even though its flesh had remained in a perfect state of preserva- 
tion about 2,000 years. 

Plant fossils are usually preserved in rocks composed of sediments 
deposited in water. Rocks of this category are the sedimentary or strati- 
fied rocks mentioned in the preceding chapter. They are distinct from 
igneous rocks which form when lava cools and from metamorphic rocks, in 
which the original structure of the components has been altered by heat 
or pressure. Fossils are formed from those organisms or fragments of 
organisms which became entombed in the accumulating sediments before 
they had a chance to disintegrate completely. It is very seldom that a 
plant is preserved all in one piece with its several parts attached and all 
tissues intact. More or less dismemberment invariably takes place. 
Leaves, seeds, and fruits become detached from the twigs on which they 
grew and the stems break loose from the roots. The softer tissqes decay. 
The study of plant fossils is therefore mainly one of unconnected parts. 
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some of which are usually not fully preserved. Often the parts ol 
many different kinds of plants are mixed together indiscriminately, and 
the main problem confronting the investigator is the proper sorting and 
classification of these. 

Conditions Favoring Preservation of Fossil Plants 

Success in interpreting fossil plants, depends to a great extent upon the 
degree of preservation. Perfect preservation can hardly be said to exist. 
Only in extremely rare instances are any of the protoplasmic contents 
of the cells retained, and studies must be directed mainly to the grosser 
^ features of the plant. But com- 

plete tissue preservation is rare 
even in small parts and the extent 
to which the tissues are retained 
■m is governed by a number of inter- 
im related factors, some of which will 
be discussed. 

The chief factors governing 

the extent of tissue preservation 

in fossil plants are (1) the kinds of 

tissii(\s composing the plants, and 

(2) the conditions to which they 

— ^ .'i were subjected preceding and 

Fig. 4.--SmaU silicified oak (Quercus) twig. durin^r fossilization. Most vaS- 
Frorn the Tertiary of Oregon. Enlarged. i i 

cular plants and a few of the non- 
vascular ones are composed of a variety of tissues which are unequally 
resistant to destructipni, and under given conditions the extent of 
preservation is directly proportionate to the resistance of the tissues. 

Plants containing large amounts of hard tissues, such as bark, wood, 
sclerenchyma strands, and extensive cutinized layers are usually pre- 
served with less destruction than flowers, thin delicate leaves, or juicy 
fruits. These tissues are not only more resistant to mechanical destruc- 
tion but are destroyed less rapidly by microorganisms. Wood is often 
preserved as petrifactions (Figs. 4, 8, and 9) or lignitic compressions. 
Seeds, with hard layers in the integument such as are found in the cyca- 
dophytes, are often preserved as compressions (Fig. 5JB), casts (Fig. 5A), 
or petrifactions. The cutinized exines of spores and pollen grains 
(Figs. T A and J5) and fragments of leaf epidermis (Fig. 7Z)), are sometimes 
found in a state of preservation showing little alteration in rocks at least 
300 million years old. In fact, there is no limit to the length of time 
cutinized parts may retain their identity. Suberized bark layers are also 
extremely resistant to destructive forces. In stems and roots it is only 
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rarely that the delicatcdly constructed phloem and middle corti(!al 
tissues are preserved even though the most minute structural details may 
remain in the xylem or the periderm. An excellent example of selective 




(B) 

Fig. 6. — (.rl) I'rigonocarpxis triloculare. Seed cast. From the Pottsville group near 
Youngstown, Ohio. % natural size. (B) T. ampullaeforme. Seed compression. From the 
Pottsville of West Virginia. Enlarged. 


preservation is found in the petrified trunks of the Paleozoic arborescent 
lycopod Lejddodendron. In this plant the trunks, which are sometimes 2 
feet in diameter, are bounded by a thick hard bark layer which often 
remains after all other tissues have decayed. This layer encloses delicate, 
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thin-walled tissue, which broke down almost immediately after the death 
of the plant. In the center is the relatively small xylem cylinder, which 
in some species possesses a pith. This is often retained. In the most 
perfectly preserved stems all the tissues are present, but usually some of 
them have suffered partial or complete disintegration to an extent 
governed by the intensity of the forces of destruction. 

The disintegration of plant tissues proceeds ^iording to a rather 
definite Briecliye^rder of decomposition. First, 4o disappear are the 
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(A) («) 

Fig. 6. BetvXa lacustris. (a) Nearly complete leaf froi?^ whlaii the parerichymatouM 
mesophyll tissue has decayed leaving the venation system nearly intact. About natural 
siae. <B) Portion of the same leal shown in 6(A) enlarged to shew detail of the vascular 
skeleton. From the Trout Creek diatomite beds. Miocene. Harney County, Oregon. 


protoplasmic contents of the cells. Rarely are these preserved, although 
there are several instances on record of preserved nuclei, and mitotic 
figures have been reported within a germinated megaspore of a Carboni- 
ferous lycopod. Those tissues consisting of thin-walled cells usually 
disappear next. These are followed in order by wood and bast fiber 
cells, suberised cork cells, and cutinized spores and epidermal fragments. 
The indestructability of the epidermis of some plants is shown by a layer 
of Lower Carboniferous ''paper coaP’ in Russia some 2 feet in thickness, 
which is built up almost exclusively of the foillike cuticles of certain 
lyeopods. All of the tissues of the interior of the plants had decayed. 
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Ihe second factor influencing the extent of tissue preservation is the 
intensity and duration of the destructive forces to which the plant is 
subjected before it becomes covered to a sufficient depth to prevent decay, 
and the extent of destruction will range from partial to complete. The 
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Fig. 7. -Kesistarit plant structures isolated from macerated bituminous coal- (.4) 
Cutimzed rnegaspore exine with slender spinelike appendages {LageniciUa type). X about 
40. (B) Cutinized megaspore exine with prominent tetrad scar and an equatorial band of 

fnngehke appendages (Stichostelium type). X about 40. (C) Group of scalariform 

tracheids probably belonging to a fern or lycopod. (D) Cutinized epidermis of a fernlike 
pinnule (Sphenopteria). 

disintegrative forces are of two kinds, (1) decay and hydrolysis, and (2) 
the mechanical action of water, wind, scouring sand, and rolling stones. 

The ideal environment for the preservation of plant material is an 
enclosed or protected body of water such as a small lake, embayment, or 
swamp in which only fine-grained sediments are accumulating and with 
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sufficient rapidity to cause quick burial. A low oxygen content and a 
relatively high concentration of toxic substances also retard decay. 
Some protection from high winds and an absence of strong currents is 
essential, because intensive wave action or rolling boulders will soon 
reduce even the most resistant plant tissues to pulp. Plants may be 
transported by wind or water to a place of deposition or they may be 
preserved in situ. An outstanding example of in situ preservation is 
furnished by the plants in the Rhynie chert bed, of Middle Devonian 
age in Scotland, where numerous small, rushlike plants are, preserved 
upright Avhere they grew. In an environment of this kind mechanical 
disintegration is usually reduced to a minimum and comparatively little 
fragmentation of the plants takes place. 

The depth of water into which plant material sinks is important from 
the standpoint of both decay and mechanical destruction. The activities 
of saprophytic fungi are greatly reduced at a depth of a few feet, and logs 
submerged in deep water may be preserved indefinitely even when not 
covered with silt or sand. Moreover, deep water affords good protection 
from wave action, and the sediments that accumulate on the bf)ttom are 
usually fine textured. 

Although plant tissues maj^ escape the ravages of extensiv(i weather- 
ing and decay-producing organisms, they may still be seriously damaged 
by crushing from the weight of the overlying sediments. Previous 
infiltration of mineral matter into the cell cavities tends to lessen the 
effects of crushing by affording internal support to the cells, and where 
the cell cavities have become completely filled, the structure may suffer 
little or not at all. Unlike the effects of decay and abrasion, crushing 
is not always greatest in those tissues made up of thin-walled cells. In 
stems of Medullosaj for example, found in coal-balls, layers of thin-walled 
peridermlike tissue outside the stele are often quite uncrushed although 
the stem as a whole is considerably flattened. In thin sections of coal 
similar phenomena have been observed, wherein woody constituents are 
completely crushed, but associated tissue's made up of thin-walled cells 
are less collapsed. The only explanation for this anomalous behavior is 
that the thin walls are more permeable to mineral matter in solution. 
The effect of mineral infiltration is to add strength to the tissues, whereas 
in the less permeable thicker walled cells the cavities remain empty, 
rendering them more susceptible to collapse. 

The Plant-bearing Rocks . 

Most plant fossils are preserved in sedimentary rocks of fresh or 
brackish water origin, although on rare occasions they are found in marine 
beds. Fresh-water beds are formed above sea level and are of variable 
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composition, ranging from conglomerates through sandstones to silt- 
stones, shales, and coals. They may be thinly laminated or massive, 
and cross-bedding is frequent. The laminations are the result of varia- 
tions in the texture of the sediments and often reflect seasonal changes 
such as periodic variations in rainfall or annual floods due to melting 
snow. The bedding plane surfaces are often strewn with waterworn 
pebbles or other objects coarser than the matrix. Only the finer textured 
sediments ordinarily contain well-preserved plant fossils. Conglomerates 
are usually devoid of plant remains except for occasional fragments of 
macerated and carbonized wood. The finer grained sandstones may 



Fia. - Sequoioxylon sp. Secondary wood showiiiK Rrowtli from the Tertiary near 

Sweet Home, Oregon. X about 20. 


reveal excellent leaf and stem compressions, and they often contain well- 
preserved casts. Coarser sandstones, however, intergrade with con- 
glomerates, and seldom produce recognizable fossils except such objects 
as the bark imprints of the arborescent lycopods and casts mostly devoid 
of surface markings. The best casts and compressions are found in 
shales, or shaly or silty sandstones in which the particles are less than 
0.26 mm. in diameter. 

Marine deposits differ from those of continental origin generally by 
their finer texture and more even and regular laminations. They may 
consist essentially of the same material that make up fresh-w^ater beds, 
such as clay, silt, volcanic dust, and organic matter, but in addition they 
often contain more lime and (unless formed near the shore) lack coarse 
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sand and pebbles. The most definite criterion of marine origin, however, 
is the presence of the remains of typical marine organisms such as radio- 
laria, foraminifera, coelenterates, bryozoa, brachiopods, or trilobites. 
Occasionally fresh-water invertebrates may be carried into salt water, 
but they are seldom present in quantity or over large areas. Conversely, 
marine organisms never find their way into fresh-water deposits except 
where the eroded material of a previously formed and uplifted mai’ine 
bed has been rcdeposited. Conglomerates often contain material of this 
kind. Marine limestones formed not far from the shore sometimes con- 
tain petrified wood and other plant parts, examples being the Cienundewa 
limestone of New York and the Squaw Bay limestone of Michigan. 
In both of these beds wood fragments occur with the pteropod Niyliolina, 
and in the latter with numerous brachiopods and cephalopocls in addition. 

The source of the sediments making up sandstones and shales is 
usually the soil and weathered rocks of uplands and plateaus through 
which streams cut canyons and ravines. The eroded material either is 
<leposited in the bed of the stream at its lowest level or is carried out 
beyond its mouth. If the stream dischargit^s its load into a small lake or 
bay, ultimate filling may result. An example of such a filling and the 
consequent preservation of large quantities of plants is the Latah forma- 
tion of Miocene age, near Spokane, Washington. The consolidated muds 
contain numerous leaves, seeds, conifer twigs, and other plant parts well 
preserved in yellow clay. 

If the body of water receiving the sediments is large, the entire bottom 
may not become covered and deltas will form at the mouths of the enter- 
ing streams. An example of this kind of deposit formed during the 
Devonian period is the great Catskill delta of eastern New York and 
Pennsylvania. During the middle and latter part of the Paleozoic, a 
large land mass existed to the eastward of the present Atlantic shore line 
of Eastern North America, and as it eroded away, the sands and muds 
were spread over the sea bottom for a great distance to the west. By 
the end of Devonian time the delta extended into western Pennsylvania, 
and these sediments constitute most of the Devonian rocks that are so 
abundantly exposed in northern and eastern Pennsylvania and adjacent 
New York. This delta was a low lying terrain, which supported con- 
siderable vegetation. The plants consisted of the fern Archueopieris, 
primitive lycopods of the Archaeosigillaria type, and large forest trees 
such as Aneurophyton and Callixylon, 

A similar deposition of sediments took place during the early Cenozoic 
when the Mississippian embayment extended northward up the Missis- 
sippi Valley as far as Tennessee. As the river-bome sediments were 
deposited, the embayment was gradually filled, and in the sands and silts 
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are preserved countless numbers of leaves, seed pods, logs, and other 
parts of the plants that grew along the swampy shores. This flora, 
known as the Wilcox Hora/^ is one of the largest fossil floras ever to be 
investigated. 

The plant-bearing sandstones and shales of the great Carboniferous 
coal series of Eastern and Central North America consist of sands and 
muds which were washed into the swamps betwcjen periods of accumula- 
tion of vegetable matter. Beneath many of the coal seams is a layer of 
earthy clay known variously as the underclay, fire clay, or Stigmaria clay. 
It often contains an abundance of Stigmaria, the rootlike organ of several 
of the Paleozoic arborescent lycopods. The massive nonlaminated 
character of the underclay indicates that it represents the old soil in which 
the coal swamp plants grew, and the Stigmariac are the undisturbed roots 
of some of these trees. The underclay seldom contains any other plant 
fossils. 

Plant remains are preserved in large quantities in the ancient volcanic 
ash beds that extend over large parts of Western North America (Fig. 11). 
In age these ash deposits range from Triassic to Pliocene, or even later, 
but most of them belong to the Tertiary. They cover portions of several 
states and in places are thousands of feet thick. They are frequently 
interbedded with sheets of lava of which basalt and rhyolite are the com- 
mon forms throughout the Great Basin and Columbia and Snake River 
Plateaus (Fig. 3). Basalt solidifies in the form of large six-sided columns 
which stand perpendicular to the horizontal plane, and being more resist- 
ant to erosion than the ash, it produces the chara(;teristic ^^rimrock’’ of 
the regions where it occurs. 

In many places throughout Western North America whole forests lie 
buried beneath thick layers of ash. Countless trunks have become 
silicified, most of them after falling but some while still standing where 
they grew. The so-called petrified forests” of the Yellowstone 
National Park contain many standing trunks, as do similar forests at 
other places. Probably the largest fossil stump on record stands at the 
summit of the Gallatin Range in the northwestern corner of the park. 
It is said to be a Sequoia, and measures 19 feet in diameter. Another 
stump nearly as large may be seen on a privately owned reserve near 
Florissant, Colorado. In the sparsely inhabited desert of the northern 
part of Washoe County, Nevada, huge trunks, some of them as much as 
15 feet in diameter, are exposed in a hillside (Fig. 17), and judging from 
their perpendicular sides, the visible parts represent not the enlarged 
bases of the trees but the straight trunks which were broken many feet 
above the original ground surface. 

The fine displays of upright silicified trunks on Specimen Ridge and 
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Amethyst Mountain along the Lamar River in the northeastern part of 
Yellowstone National Park consist of hardwoods in addition to coniferous 
types. The largest tree is Sequoia magnifica, believed to be closely allied 
to, if not identical Avith, the liAung redwood, /S. sempervirens. Other coni- 
fers consist of two species of Pinus and one of Cupressinoxylon. The 
hardwoods include oaks, buckthorns, sycamores, and lauraccous genera. 
On the slopes of Amethyst Mountain 15 successive forests are exposed, 
one above the other, and each is separated from the one next above or 
below by a feAv inches or feet of ash. 



Fig. 9. — Silicificd log of Pseudotsuga. From the Tertiary volcanie ash deposit near 

Vantage Bridge, Washington. 


In most places where erosion has uncovered the remnants of ancient 
forests the trees lie prostrate, having either been blown over by storms 
or floated in as driftwood. Sometimes many square miles of territory 
are strewn Avith these logs as in the famous Petrified Forest of Triassic 
age in Arizona. At this place the logs were not preserved exactly where 
they grew, but were transported from some unknown distance. Near 
Calistoga, in California north of San Franciso, hugh prostrate redwood 
logs are preserved in a thick bed of Pliocene ash. LiAung redwoods grow 
not far from this locality. In central Washington near Vantage Bridge, 
in the so-called “Ginkgo Petrified Forest,” numerous logs representing 
ginkgos, conifers, and hardwoods have been exposed in the steep hillsides 
(Fig. 9) . Under one log in a near-by locality a cache of fossil hickory nuts 
was recently unearthed, haAdng originally been hidden there by some 
animal. Countless silicified logs representing for the most part several 
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genera of hardwoods can be seen in the White River ash beds of Oligocene 
age in the Shirley Basin of central Wyoming. These logs, as well as 
several others mentioned, have never been thoroughly investigated, so we 
know relatively little of the kinds of trees represented by these striking 
manifestations of past ages. Occurring with these buried logs, or in near- 
by places, leaf remains are often found, and it is from these that the bulk 
of our knowledge of these ancient forests has been secured. 

At some places, as for example at Trout Creek in southeastern Oregon, 
large quantities of plant remains are preserved in diatomaceous earth. 
During Miocene tiige, leaves, winged fruits, and seeds were carried from 
the surrounding hills by the wind in countless numbers, and as they 
settled to the bottom of an ancient lake Avere covered with diatomaceous 
ooze. At this place the diatomite accumulated to a depth of about 100 
feet, and it was then covered by a tremendous fall of ash and a thick 
sheet of lava. The weight of the ash and lava compressed the diatomite, 
which, being of a fine-textured chalklike consistency, preserved the finest 
details of the venation of many of the leaves (Fig. G). 

Volcanic rocks n^sulting from the cooling of molten lava seldom con- 
tain recognizable organic remains, although a few exceptions of relatively 
little importance are known. In the lava beds of the CVaters of the Moon 
National Monument in southern Idaho, the attention of the visitor is 
directed to cavities in the lava formed by the decay of tree trunks, which 
were partly enclosed Avhile the lava was in a plastic state. For some 
unexplained reason, the trunks were not completely burned at the time. 
The inner surface of some of these cavities, or molds, show^ imprints of 
the outer bark surface. It has not been possible to identify any of these 
trees, but they Avere probably nonresinous species such as Avalnuts, oaks, 
or other hardAvoods. 

Waters discharged from hot springs sometimes provide sufficient 
minerals for the preservation of large quantities of plant remains. An 
outstanding example of preservation by this method is the Rhynie chert 
bed near Aberdeen, in Scotland, previously mentioned, (Fig. 29) . During 
Middle Devonian time in this particular locality there was a small valley 
surrounded by pre-Cambrian mountains. The soil in this valley was 
saturated with w^ater supplied by hot springs. A dense groAvth of rush- 
like plants covered the AA^et ground, but toxic conditions resulting from 
lack of aeration of the soil prevented to a great extent the decay of the 
vegetable debris with the consequent formation of peat. The magmatic 
waters wliich seeped into the peat were highly charged Avith silicates 
which accumulated as a result of evaporation. When the saturation 
point was reached, the silicates became altered into a cherty matrix that 
cemented the plant material together into a solidified mass. The plants 
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belong to various members of the Thallophyta and to an ancient group 
of vascular plants known as the Psilophytales. Many of the stems were 
preserved in an upright position attached to horizontal underground rhi- 
zomes and with spore cases at their tips. 

Coal seldom reveals well-preserved plant remains to the unaided eye, 
but spores (Figs. 7.4 and B), epidermal fragments (Fig. 7I>), and frag- 
ments of charcoal showing remnants of vascular elements (Fig. 1C) can 
often be isolated by maceration. 



Fiu. 10. -Section of a small coal-ball from the McLeansboro formation of Illiiioi.s. 
The cut surface was etched for about 15 second.s in dilute hydrochloric acid to increase the 
visibility of the plant structures. Natural size. 

Important sources of plant fossils in coal are coal-halls. These are 
irregular or subspherical masses of mineral matter, usually of calcium or 
magnesium carbonate and iron pyrites, which vary in size from a fraction 
of an inch to 2 or 3 feet, and in weight from an ounce to two or more tons. 
Most of them, however, weigh but a few pounds. Coal-balls are generally 
of localized occurrence. They may be congregated in definite bands or 
in irregularly scattered pockets. They have been known in Europe for 
many years but were not discovered in North America until 1922. In 
North America they were originally discovered in Illinois, but they have 
subsequently been found in Indiana, Iowa, Kansas, and probably else- 
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where, although they are unknown in the coal fields of the Appalachian 
region or in western Pennsylvania or Ohio. They occur mostly in rocks 
of middle Pennsylvanian (Conemaugh) age although a few are older. In 
Europe they are found mostly in the Westphalian and Yorkian, and con- 
sequently are older than those found in North America. 

The conditions under which coal-balls formed appear to vary some- 
what, but in Great Jiritain and Europe they exist only in coal seams 
overlain by marine limestones. It is thought that the calcium and mag- 
nesium carbonates making up the mineral content of the balls were derived 
from sea water, which covered the peat deposits soon after their formation 
but before they became sufficiently compacted to flatten the plant parts 
completely. However, in Illinois the coal-balls are not overlain by 
marine beds and the petrifying minerals must have come from some other 
source. These coal-balls also contain consideral>le pyrites and some are 
composed almost entirely of this mineral. It is believed that here the 
free carbon liberated during partial disintegration of the plant substances 
reduced sulphates present in the water, with the contemporaneous 
deposition of calcium, magnesium, and iron carbonates which formed the 
coal-balls. 

Many coal-balls are barren of recognizable plant remains but others 
contain fragments of stems, roots, petioles, foliage, seeds, sporangia, and 
liberated spores (Fig. 10). The parts are often partially crushed and the 
outermost tissues have generally disappeared. Portions of stems fre- 
quently extend completely through the coal-balls and for some distance 
into the surrounding coal where they, too, have been altered into coal. 

The Fossiliza tion Phocess 

As previously explained, most plant fossils have lost some of their 
tissues as a result of decay or abrasion before burial. The final form of 
the fossil, however, is determined to a considerable extent by conditions 
prevailing after submergence. 

As soon as wind- or stream-borne plant material is brought into quiet 
water and becomes saturated, it begins to sink, and the individual frag- 
ments, if undisturbed, will usually repose themselves in a position nearly 
parallel to the horizontal or slightly sloping bottom. If mud or sand is 
also present, it will settle with the plants and separate them to an extent 
depending upon the relative abundance of the two components. Abun- 
dant sediments will cause rapid accumulation and the plants wll be well 
separated from one another. In rocks thus formed, it is usually possible 
to collect better specimens than where the sediments settled so slowly 
that there is little or no intervening matrix between the leaves. If the 
water contained but little sediment, or if the plant material was brought 
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in in large quantities, it is often impossible to recognize the outlines of 
the individual leaves or to separate them from one another (Fig. 11). In 
some of the Eocene beds along Puget Sound, leaves are present in such 
quantities that they tend to obscure one another, and it is extremely 
difficult to secure a representative collection of the flora. 

The organs produced in greatest numbers by most plants are leaves, 
and consequently they are most abundantly represented in the fossil 
record. Our knowledge of Upper Cretaceous and Tertiary floras is based 
largely upon leaves. The surface of a leaf is often slightly curved and 



Fig. 1 1 . -Block of light gray volcanic ash bearing numerous compressions of dicotyledonous 
leave.s. From the Upper Eocene of Lane County, Oregon. Reduced. 


it will, unless disturbed, come to rest on the bottom vdth the convex sur- 
face uppermost. The weight of the accumulating sediments will flatten 
it somewhat, but it will seldom lie perfectly flat. The overlapping sub- 
divisions of fronds such as those borne by pteridosperms, ferns, or 
cycads may be pressed flat or they may remain turned slightly from the 
plane of the rachis with thin films of sediments separating the over- 
lapping edges. As the sediments increase in thickness, compaction 
results, and the less resistant and more compressible plant part is flattened 
to a mere fraction of its original thickness. If the plant part is cylindrical 
in cross section and made up principally of such hard resistant tissues as 
compose trunks and branches of trees, the weight of the overlying sedi- 
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meniB will produce a thick lens-shaped object (Fig. 12). The curvature 
becomes less with increased pressure. The first internal manifestation 
of change in shape of the object will be the collapse of the thin-walled 
cells, followed by those with thicker and harder walls. Prolonged 
pressure will bring about further flattening and ultimately a thin film of 
black shiny coallike material remains, which is only slightly thicker at 
the mid-i egion than at the margins. 

Experiments have shown that fine muds on being compressed into 
shale may be reduced one- third in thickness, whereas the reduction in 
thickness of an enclosed plant part may amount 
to as much as 95 per cent. The compaction 
results in a reduction of pore space within the 
sediments and the displaced water is forced up- 
ward into the less compacted layers. Some 
organic compounds are also expelled from the 
cells, and these may escape in the form of marsh 
gas or humic substances. The latter may impart 
a dark color to the sediments. 

If the compressed plant part is a thin leaf of 
small vertical dimension, there will be less alter- 
ation in shape as a result of flattening than if the 
part possesses considerable thickness. In either 
case, being firmly encased along both sides, as 
well as above and below, it is impossible for the 
plant part to expand laterally during flattening. 

This means, therefore, that the cross dimension 
of the compression will be approximately equal to 
the diameter of the original specimen. Since the 
whole circumference surface must be forced into 
this area, it follows that a certain amount of 
buckling and warping of the compression surface 
invariably follows. However, since the lower side 
of the specimen rests in a more stationary position on the firmer sedi- 
ments of the bottom, most of the downward movement during com- 
pression must take place from above, and it is on the upper surface that 
most of the buckling will take place. Trunk compressions often show 
the results of such flattening by being split lengthwise into narrow 
strips that overlap slightly along the shckensided edges. 

If the compressed plant part is a hollow cylinder such as a cordaitean 
trunk or a stem of CalamiteSj the internal cavity often becomes filled with 
sand or mud before flattening takes place. In such a case the central 
sedimentr-filled core will become flattened into a lens-shaped mass in 



Fig. 12. — Diagram il- 
lustrating the progressive 
flattening of a cylindrical 
or spherical object as a 
result of the weight of 
accumulating sediments. 
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cross section. It will be surrounded by a carbonaceous film resulting 
from the compression of the woody cylinder, but extending out into the 
bedding plane along either side will be a narrow band, or ^Sving,^^ of 
carbonaceous substance which corresponds in width to the original thick- 
ness of the wood (Fig. 13 jB). 

A very narrow border of similar origin is often present at the margins 
of the compressions of Carboniferous fernlike pinnules. The width of 
this border represents the approximate original thickness of the leaf. 
It is usually more distinct if the leaf happened to settle into the sediment 
with the convex surface upward than if turned the other way (Fig. 13.4). 

If any organic matter remains on the surface of a compression, it is 
usually a layer of structureless carbon, although sometimes the cell 

pattern of the cutinized epidermis 
is retained and may be studied b}^ 
the employment of maceration or 
film-transfer techniques. Occa- 
sionally, especially with leathery 
leaves or tough fruits, the tissues 
are retained in a mummified con- 
dition, and by following suitable 
procedures these may be made to 
swell sufficiently so that they can 
be embedded and sectioned for 
microscopic study. Successful 
cuticular and epidermal studies 
have been made of the Paleozoic 
conifers and of the Upper Triassic 
gymnosperms from Greenland. The well-preserved fruits of the Cay- 
toniales from the Yorkshire coast were embedded and sectioned. Fre- 
quently all traces of organic matter have disappeared, leaving nothing 
except a mere imprint in the rock. This imprint may retain the shape 
and surface features of the part. Sometimes such remains become 
covered with a mineral film of secondary origin that produces striking 
contrasting effects. 

If a rock containing a compression is split open, one surface will 
usually bear the nearly intact compression and the other will show the 
impressed counterpart. The well-known Mazon Creek nodules, from 
the middle Pennsylvanian of Illinois, are outstanding examples of com- 
pressions and counterparts (Fig. 14). These smooth oval masses of fine- 
grained rock, varying in length from an inch to a foot, will often, when 
split, reveal a perfectly preserved pinnule, a portion of a frond, a cone, or 
even a seed. One-half of the split nodule contains the main part of the 






Fig. 13. — Diagrams showing the efFcct of 
compression upon a plant part. (A) Thick 
•leaf or pinnule with enrolled margin. {After 
Walton.) (B) Formation of compression bor- 
der as a result of the flattening of a tubular 
cylindrical body. {After Walton.) 
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compression or the positive, and the other bears the negative which is 
mainly an imprint of the positive. 

Thick bulky plant parts such as trunks and large seeds or hard dry 
fruits are often preserved in the compressed condition, while retaining a 
considerable portion of their original thickness. Compressed wood is one 
of the main constituents of lignites. The flattening has forced the air 


Fig. 14. — Pecopteris Miltoni. Compression of terminal portion of a pinna exposed on 
the surfaces of a split nodule. From the Pennsylvanian of Will County, Illinois. Natural 
size. 

and water out of the cell cavities and intercellular spaces, but it is often 
possible by the judicious use of caustic alkalies to produce enough swell- 
ing of the cell walls to enable them to be studied. Many of the Cre- 
taceous plants found at Kreischerville on Staten Island, at Cliffwood, New 
Jersey, and at Gay Head on Martha’s Vineyard Island are preserved as 
compressed lignites. Lignitized wood usually has a dark brown color. 
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When moist, it has a firm cheesy consistency and can be (nushed in the 
hand, but after drying it becomes hard and fractures readily. The fossil 
fruits from the Eocene at Brandon, Vermont, are also lignitized. 

A second type of plant fossil that is closely related to the compression 
is the cast A cast results from the filling of a cavity formed by the decay 
of some or all of the tissues of a plant part. It may be formecl within the 
pith cavity of a trunk before the wx)ody cylinder has broken down, as in 
Cordaites and Calamitcs. In these forms the pith casts will show* surface 



Fig. 15. — Cast of stump of Eospermatopteris exposed by blasting away the enelosing 
sandstone. Hamilton group, Middle Devonian. Riverside Quarry, Gilboa, New York. 
{Photo by courtesy of New York State Museum.) 


markings that are the counterparts of the inner surface of the wood. 
Casts of whole trunks, or of stumps or seeds, are frequently formed when 
the plant part decays before any great amount of compaction of the sedi- 
ments has taken place. The removal of the plant tissues leaves a cavity, 
or mold, which becomes subsequently filled with mud or sand and w hich, 
upon hardening, becomes a cast. Besides clastic material, a cast may be 
formed of crystalline substances. Calcite casts of Lepidodendron cones 
occur in the Coal Measures of Great Britian. Other minerals that 
may produce casts are iron pyrites, sphalerite, chalcedony, agate, and 
opal. 

Excellent examples of sandstone casts are the stumps of Eosperma-^ 
topteris in the Middle Devonian of Gilboa, New York (Fig. 16). When 
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unearthed during quarrying operations for the construction of the Gilboa 
dam, more than fifty of these stumps were found situated where they 
grew.. They were standing in a thin bed of shale that represents the old 
soil, and radiating outward in all directions from the enlarged stump 
base^ were the carbonized remains of the slender roots. The sand com- 
posing the casts is the same as that surrounding them. Only the merest 
traces of any of the original organic matter remain and not in sufficient 
quantity to show much of the internal anatomy. 

Stumps of [.(epidodendron similarly preserved may be seen on display 
in Victoria Park in Glasgow. Casts of stigmarian roots are familiar 
objects in coal mines and quarries and are the most common Carbonifer- 


i 



Fig. 16. — Cast of SHgmaria, the rootlike organ of a Paleozoic arborescent lycopod. From 
the glacial drift near Jackson, Michigan. natural size. 

ous fossils (Fig. IG). Trigonocarpus, the seed of one of the Carboniferous 
pteridosperms, is often partly preserved as a cast, the portion inside the 
stony layer becoming filled and forming a cast of the inner portion of 
the seed. Many excellent Trigonocarpus casts have been found in the 
Pottsville sandstones of eastern Ohio (Fig. bA), 

In Calamites the pith sometimes attained a diameter of 6 inches. 
As the plant, grew, the pith tissue broke down leaving a central hollow 
which upon burial became filled with mud or sand. The resulting cast 
usually shows the position of the joints of the stem and the longitudinal 
course of the primary vascular bundles outside the pith. 

Although casts seldom show any of the original tissue structure, they 
are, nevertheless, valuable fossils because they often give a good idea of 
the external form of parts of many extinct plants. 
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The third type of plant fossil, the petrifaction (Figs. 4, 8, and 9), is the 
rarest but in many respects the most important. In a petrifaction, the 
original cell structure is retained by means of some mineral that has 
infiltrated the tissues. Petrifactions permit morphological studies of 
plant parts, which could not be made from casts or compressions. From 
petrifactions the structure of many reproductive organs and other 
elaborately constructed parts have been worked out in detail, and the 
information thus obtained has been of great value in determining the 
taxonomic position of many fossil types in the plant kingdom. 

About twenty mineral substances are known to cause petrifaction, 
but those most frecpiently encountered are silica, calcium carbonate, 
magnesium carbonate, and iron sulphide, either pyrite or mar(‘asite. 
Of these, silica is the most prevalent and has preserved the largest quanti- 
ties of plant material althoiigh iron sulphide compounds are very widely 
spread. Small fragments and splinters of wood impregnated with iron 
sulphide are often scattered throughout shales, sandstones, and coal 
seams. 

The processes causing petrifaction of plant tissue are not well under- 
stood although they evidently involve infiltration followed by precipita- 
tion due probably to interaction between soluble mineral salts and certain 
compounds released during partial disintegration of the cell walls. The 
explanation often given in textbooks that petrifaction is a ^^molecule-by- 
molecule replacement of the plant substance by mineral matter^' is 
erroneous and misleading. This definition assumes that the original 
plaint substances have been removed, which does not necessarily happen. 
In many petrifactions, in fact in most of them, the presence of some of 
the original compounds of the cell walls can be shown by chemical tests. 
The mineral matrix can often be removed with suitable acids without 
destroying the tissue structure, and if replacement had occurred, the 
whole mass would be expected to dissolve in any reagent that reacted with 
the matrix. The preparation of thin sections of coal-ball petrifactions by 
the peel method is dependent upon the presence of nonmineralized 
substances in the cell walls. The hydrochloric acid that is applied to 
the prepared surface dissolves the mineral matter from the cell cavities 
and leaves the cell walls standing in relief. Then when a thin solution 
of cellulose nitrate or similar material is spread over the etched surface 
and allowed to dry, a thin layer of embedded plant tissue can be removed 
with it. 

When petrifaction begins, the buried plant material absorbs soluble 
mineral substances from the surrounding water. These may be in the 
form of carbonates, sulphates, silicates, phosphates, or others. The 
various products of decomposition released by bacterial action or by 
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hydrolysis include free carbon, carboxylic acids, humic acids, and hydro- 
gen sulphide, and some of these behave as reducing agents that precipitate 
insoluble compounds within the plant tissues. Thus soluble silicates are 
reduced to silica (Si02) and iron compounds react with hydrogen sulphide 
to produce pyrite or marcasite (FeS2), both being common petrifying 
minerals. Just hoAV basic compounds such as calcium and magnesium 
(carbonates are precipitated within the cells is less known, but apparently 
they form along with coal-balls or other calcareous masses in coal seams 
and shales. Calcification and pyritization of plant tissues often take 
place concurrently, with either one or the other of the minerals predomi- 
nating or with deposition in approximately equal quantities. Silica 
usually exists alone; it seldom combines with other petrifying minerals. 

While mineral deposition is going on within plant tissues, water is 
being expelled as a result of compaction of the sediments. This causes 
the sediments and the entombed plant parts to solidify, after which the 
petrifaction pro(cess is complete. Although the deposition of mineral 
substances within plant tissues is dependent upon the release of certain 
substances from the cell walls, there is no evidence of direct replacement 
of any of the unaltered organic constituents of the plant by the petrifying 
minerals. In fact, all evidence is decidedly against it. In case of silifica- 
tion, a direct reaction would produc^e organic silicates, and these are not 
what we find in silicified wood. The minerals react only with the decom- 
position products, not to replace them but to produce insoluble com- 
pounds usually of simpler molecular structure. 

Chemical analyses of silicified w^oods show that some of the original 
constituents of the wood are often present. Cellulose and lignin can be 
detected, and the lignin content is in higher proportion than in non- 
fossilized woods because it decomposes more slowly than the cellulose. 

One of the marvels of paleobotany^ is the perfection with which minute 
histological details in very ancient w^oods are often preserved. In woods 
from the Devonian, pit structure, crassules, and the layers of the cell wall 
are sometimes as distinctly visible as in Recent woods. Age alone is not 
a factor in preservation, and one can tell little or nothing of the age of a 
specimen from the extent to which details are visible. 

The color of petrified plant tissues ranges from nearly pure white and 
various shades of gray to red, yellow, amber, brown, and jet black. 
White usually results from weathering, and such woods are often very 
fragile unless secondary infiltration has cemented the cells together. 
The brown, yellow, and red tints may be due to the presence of small 
quantities of other minerals, especially iron, although brown is often the 
result of retention of humic compounds. Woods that appear black to the 
unaided eye are often light brown in thin section. 
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Silicified plants occur in rocks of all ages from the Silurian to the 
Recent. The silica is believed to have originated mainly from two 
sources, volcanic ash and the waters from hot springs. Ash has provided 
the sihcates for the petrifaction of most of the logs in the Mesozoic and 
Cenozoic deposits of the western part of North America. The upright 
trunks exposed on Amethyst Mountain and Specimen Ridge in Yellow- 
stone National Park were preserved by tlu; heavy layer of ash that, was 
thrown from near-by volcanoes during early and middle Cenozoic times. 



Fig. 17. — Silicified redwood stump 47 feet in circumference. From the early Middle 
Tertiary near Leadville, Washoe County, Nevada. 


In these instances burial was rapid and decay organisms had no oppor- 
tunity to function over any length of time. The weathering of the ash 
released large quantities of soluble silicates, which saturated the tissues. 
The same process went on at countless other places throughout the Great 
Plains, Rocky Mountains, Great Basin, and coastal regions of the western 
part of the continent and the number of examples that could be cited is 
unlimited (Fig. 17). 

Silicification resulting from deposition of minerals from hot springs 
is not as frequent as from the weathering of volcanic ash although the 
phenomenon is by no means a rare one. Probably the best known 
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example of this kind of petrifaction is the flora in the Middle Devonian 
Rhynie chert in Scotland (Fig. 26). Other instances of silicification 
independent of volcanic activity are the Callixylon logs in the Upper 
Devonian black shales in the east central United States and the Lepido- 
dendron trunks of lower Pennsylvanian age in Colorado. 

Several forms of silica have been identified in silicified woods^ but 
only the cryptocrystalline and amorphous varieties commonly retain the 
tissues in their original form. The formation of (irystals, even very small 
ones, is destructive to cell arrangement. Crystals may, however, form 
in cavities such as knotholes, stem hollows, or large cracks in otherwise 
well-preserved logs. Amethyst Mountain received its name from the 
amethyst crystals in the silicified logs scattered over the slopes. Among 
the (Typtocrystalline types agate is frequently present, and splendid 
examples are found in the Eden Valley petrified forest, of Eocene age, in 
western Wyoming. Chalcedony characterizes the logs in the Petrified 
Forest National Monument of Arizona, and jasper is frequent. In 
northern Nevada cones and small limbs have been preserved with fire 
opal. 

C'alcified plants are found mostly in the Paleozoic. Although calci- 
fication is less common than silicification, it has been an important 
process, and the plants preserved by it have added greatly to the main 
body of paleol)otanical knowledge. The most prolific sources of calcified 
plants are coal-balls. Fragments of calcified Wf)od are occasionally 
found in marine or brackish water limestones, especially those thin lime- 
stone layers often interleaved in shale formations. An example is the 
Callixylon wood scattered in small pieces throughout the Genundewa 
limestone of Upper Devonian age in central New York. This limestone 
is nodular or concretionary at places and is made up mostly of the shells 
of the minute pterapod Styliolina fissurella, which apparently supplied 
most of the calcium carbonate. 

As previously stated, iron pyrites (pyrite or marcasite) is widely 
distributed in shale and sandstone as a petrifying mineral, and is often a 
constituent of coal-balls. It is an opaque substance which renders 
almost impossible the study of thin sections with transmitted light. 
Reflected light can sometimes be employed with a certain degree of 
satisfaction when only medium or low magnifications are used. 

Pyrites apparently forms under conditions of extreme stagnation, 
and the mineral often composes thin layers in dark shales containing 
abundant iron and organic matter. Pieces of secondary wood and frag- 
ments of small stems completely infiltrated with pyrites are scattered 
sparingly among the lenses of the Tully pyrite and the underlying Lud- 
lowville shale of upper Middle Devonian (Hamilton) age in western 
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New York. Although iron pyrites is probably the most prevalent of all 
petrifying minerals, plant material so preserved is often of limited use 
because of difficulties in microscopic study. 

The Relative Value of Compressions and Petrifactions 

Although petrifactions have been of immense value in paleoliotanical 
researches in revealing the internal make-up of extinct plants, we are 
mainly dependent upon compressions and casts for external form and 
habit. Compressions and petrifactions arc seldom found together, with 
the result that correlation of external and internal morphology often 
presents serious difficulties. This problem is especially well brought out 
in connection with the study of Paleozoic seeds, where the same type of 
seed may bear more than one generic name, depending upon how it is 
preserved. Likewise, many of the well-known Paleozoic fernlike leaf 
types may belong to fructifications with which we are well acquainted, 
but in the absence of attachment they cannot be brought together and 
must therefore be treated separately. The Calamopityaceae provides 
an example of a group of plants of whi(;h the stems are preserved in great 
detail but of which we know little of the habit or external appearance. 
Numerous other examples could be cited. A notable exception in which 
it has been possible to bring about a correlation of external and internal 
structure is the plants of the Rhynie chert. Broken surfaces of the 
chert have revealed the outer contour of the silicified stems, and these, 
combined with serial anatomical sections, served as a basis for the well- 
known reconstructions of the Rhynie plants. 

Although the paleobotanical investigator may be fully aware of the 
limitations imposed by compressions or petrifactions when found alone, 
he seldom has any choice in the matter, and is confronted with the pro- 
blem of the interpretation of the material as it exists. To a great extent 
the study of the tw^o types of fossils has been pursued along different 
lines, with compressions engaging the attention of those primarily 
interested in stratigraphic correlation, and petrifactions being sought 
after by those concerned more with comparative morphology and evolu- 
tionary considerations. The monumental paleobotanical works of 
Zeiller in France, Kidston in Great Britian, and White in the United 
States have dealt mainly with compressions in an effort to clarify strati- 
graphic problems, whereas the contributions by Williamson and Scott in 
England and Renault in France have resulted in setting forth in great 
detail the affinities of numerous Carboniferous plants as interpreted from 
petrifactions. 

As a result of the partial divorcement of the study of compressions 
and petrifactions, there has been a tendency on the part of some investi- 
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gators to express scorn for those types of fossils not pertinent to their 
particular fields of interest. This attitude is most frequently displayed 
by anatomists and morphologists who feel that affinities are better 
expressed by internal anatomy than by external form and that foliar 
characteristics as displayed in compressions do not provide reliable clues 
to relationships. This biased viewpoint insofar as it endeavors to 
depreciate the scientific value of compressions is unjustified and ignores 
the important fact that in most instances neither type of preservation 
by itself reveals all the characteristics of the plant. A paleobotanist 
cannot afford to disregard compressions any more than one can overlook 
habit and leaf form in living plants. 

Objkcts Sometimes AIistaken for Plant Fossils 

Animal remains, inorganic objects such as concretions, and cultural 
objects are sometimes mistaken for plant fossils. The resemblance to a 
plant part may be so close as to deceive at least temporarily even the 
professional paleobotanist. Remains of graptolites and the ^^pinnules’^ 
of some crinoids, as BoinyocrinuSf have been misinterpreted as Devonian 
or pre-Devonian plants. The organism named Psilophyton Hedeiy from 
the Silurian of the island of Gotland, and once figured as the oldest 
example of a land plant, is now thought to be an animal closely related to 
the graptolites. Other examples of a similar nature could be cited. A 
cavity in a piece of rock from Greenland, long supposed to be a palm 
fruit, is now thought to be the footprint of some ancient animal. 

Mineral matter often crystallizes along the bedding planes of shales 
to produce dendritic growths simulating plants. One such example from 
the Silurian was named Eopteris^ and is sometimes cited as the oldest 
example of a fern. Concretionary objects are collected by amateurs who 
think they have discovered fossil nuts, eggs, oranges, or pears. Some 
large oval sandstone concretions in the Upper Devonian of West Virginia 
were described as tree trunks, and closely banded volcanic or meta- 
morphic rock is often mistaken for petrified wood. Ice marks and frac- 
ture surfaces are frequently compared to seaweeds and other plants. 

Cultural objects mistaken for fossil plants sometimes have ludicrous 
consequences. An oval body wdth four longitudinal grooves, and 
described as a cucurbitaceous fruit, was found upon careful examination 
to be a fire lighter made of baked clay. Several years ago a paleobotanist 
of international fame described an object externally resembling an ear of 
maize from an unknown locality in Peru. It was thought to be a fossil 
and was named Zea antiquay although it did not differ in any important 
respect from recent Peruvian varieties. This specimen was cited in 
several papers as evidence of the antiquity of the maize plant, but 
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finally, when cut, it was found to be nothing other than a baked clay 
object fashioned by a clever craftsman. 

It is seldom impossible to distinguish between organic remains and 
other objects if they are carefully examined. A plant fossil will usually 
show at least traces of carbonized fibrous tissues or cutinized epidermal 
cells, although seaweeds and other thallophytes may present special 
problems. The best safeguard against going astray is experience 
bolstered by a critical attitude. 
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CHAPTER III 


THE NONVASCULAR PLANTS 

Organic remains in the rocks furnish conclusive evidence that plants 
belonging to the division Thallophyta were in existence ages before the 
initial appearanc^e of vascular plants. In fact, approximately three- 
fourths of known geologic time had elapsed ))efore the latter group came 
into existence. What the first plants were like and when they came into 
being are integral parts of the problem of the origin of life itself, whose 
beginnings are blotted out by the imperfections of the fossil record. The 
first living organisms were probably not distinct as either plants or 
animals, but were rather naked bits of the simplest kind of protoplasm, 
which took on an amoc})oid or plasmodial form. This protoplasm must, 
however, have possessed l)oth the remarkable property of sustaining 
itself and the ability to derive the energy necessary for its metabolic 
processes from sources outside. These sources may have been light, 
heat given off from the earth, or chemical reactions between inorganic 
substances in the immediate environment. 

Although it is possible that life had been in existence for a billion 
years or more before any creatures evolved which were sufficiently inde- 
structible to leave recognizable remains, it is more likely that this initial 
period was of relatively short duration because the first protoplasm was 
probably a virile substance which caused the initial stages of organic 
evolution to follow one another in rapid secpience. It does not seem 
likely that the original protoplasm could have remained in a state of almost 
complete quiescence for a very long interval and retain its dynamic 
properties. Geologically speaking, the interval between the origin of 
life and the appearance of cellular plants was probably not long. 

Bacteria 

Evidence that bacteria or organisms similar to them weie in existence 
during pre-Cambrian times is both presumptive and direct. Bacteria 
perform such an essential role as the agents of disintegration of organic 
and inorganic substances that it is impossible to comprehend how the 
balance of nature could ever have been maintained without their aid. 
The conclusion is that bacteria have been in existence nearly as long as 
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other organisms and that during this time they have functioned similarly 
to the way they do at present. 

Direct evidence that bacteria existed during the latter part of the 
long pre-Cambrian era is supplied by minute dark objects found in the 
upper Huronian rocks of the Upper Peninsula of Michigan. These 
supposed bacteria consist of filamentous chains, which are sometimes 
branches of elongated cells resembling the living ChlamydothriXj an iron- 
depositing organism. The iron ores in which these remains were found 
are believed to have been deposited by organisms resembling those that 
make similar deposits today. Associated ^\ith these probable bacteria 
are other slender branching filaments that may represent blue-green 
algae. Some of these threads even show evidence of a surrounding 
gelatinous sheath suggesting that which encases the threads or cell colonies 
of the blue-greens at the present time. In view of the many similarities 
between living bacteria and blue-green algae, it is interesting to find 
remains resembling these organisms intimately associated in the ancient 
pre-Cambrian rocks. Slightly later in the pre-C'ambrian, in the Keween- 
awan limestones of Montana, minute spherical bodies resembling Mic- 
rococcus have been found. These also are associated with remains 
believed to be blue-green algae. 

During the latter part of the Paleozoic beginning with the Devonian, 
and throughout the eras that followed, there is no lack of evidence that 
bacteria were everywhere present. Probably the most extensive studies 
ever made of ancient bacteria were by the French paleobotanists C.E. 
Bertrand and Bernard Renault, Avho examined especially prepared thin 
sections of decayed silicified and calcified plant tissue and coprolites of 
reptiles and fishes. In material ranging in age from Devonian to Jurassic 
they found a great variety of spherulitic and rodlike objects, which they 
described as species of Micrococcus and Bacillus. Micrococcus Zeilleri is 
the name given certain small round bodies either single or grouped which 
they found on the surfaces of the thin cuticular membranes which make 
up the so-called paper coaP^ found at Toula in Russia. Renault 
believed that these objects were the remains of the organisms responsible 
for the disintegration of the cellular tissues of the plants that compose 
the coal seam. He had no proof of this, however, and other investigators 
have been inclined to discount his theory. Bacillus Permicus was dis- 
covered in sections of a coprolite from the Permian of France. It consists 
of cylindrical rods 12 microns or more long and about 1.4 microns 
broad. The rods are rounded at the ends, and are single or are joined 
into chains of two or three cells. 

These are but two examples of supposed fossil bacterial organisms 
that have received specific names. Many others could be cited, but to 
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do so would serve no useful purpose because of our meager knowledge 
of them. No satisfactory test has been devised for distinguishing 
between the remains of bacterial cells and small particles of flocculent 
material or minute crystals. External resemblance to living bacteria is 
almost the only clue, but since cultural and physiological characteristics 
are so essential in the study of these organisms, bacteriologists are 
inclined to attach little importance to the minute lifeless objects found 
in the rocks. Although some supposed fossil bacteria have been shown 
to be inorganic or the decomposition products of other organisms, one 
can hardly doubt that they are probably present in quantity in some 
sediments, and attention to the development of new techniques for their 
study would certainly yield unexpected results. 

Fungi 

Throughout the long geologic past fungi have played the same role in 
nature as at present, that of acting as scavengers, and thereby preventing 
an endless accumulation of dead vegetable matter. Others have acted 
as parasites which preyed upon living plants. Many blanks in the fossil 
»*ecord are the direct i*esult of the destructive activities of fungi. It 
was mainly when deposition took place rapidly or where plant material 
accumulated under conditions unfavorable for fungal growth that the 
destructive activities of fungi were evaded. 

The fungi as a group are quite old. Well preserved mycelium and 
spores have been found within the tissues of the very ancient vascjular 
plants (Fig. 18). Throughout the Devonian and Carboniferous there is 
ample evidence of fungous activity within plant tissues although the 
actual remains of the organisms are seldom present. 

Fungous spores and mycelia resembling those of Recent Phycomycetes 
occur in the tissues of Carboniferous plants. Some of these have been 
described under such names as UrophlyctiteSj which has been found 
parasitic upon Aleihopteris, and Zygosporitesj which resembles a mucor. 
Under the comprehensive name of Palaeomyces a number of fungal 
types have been described from the silicified stems and rhizomes in the 
Middle Devonian Rhynie chert in Scotland (Fig. ISA), These remains 
consist of branched, nonseptate hyphae and large, thick-walled resting 
spores. Some of the larger spores had been secondarily invaded by 
other fungi, which produced smaller spores within. These fungi bear 
some resemblance to the Peronosporales and Saprolegniales, although 
their actual affinities are unknown. 

The foliage of Carboniferous and later plants sometimes bears small 
spots resembling the hard fruiting bodies of the Pyrenomycetes. Hyster- 
ites Cordaitis occurs on the long strap-shaped leaves of Cordaites. Other 
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pyrenomycetous fruiting bodies have been found on the leaves of Eocene 
and Miocene angiosperms. 

The Discomycetes are very meagerly represented in the fossil series 
although such names as Pczizites, An'pcrgilUUis, and others implying 
resemblances to discomycetous genera have been assigned to Cenozoic 
and more recent remains. 



Fig. 18. — (.4) Palaeomyces Astcroxyli. Hyphae and vesicles in the disintegrated (jortical 
tissues of Aateroxylon Mackiei. Ilhynie chert. Aberdeenshire, Scotland. X 200. 
(B) Non-septate fungous hyphae in the secondary wood tracheids of Callixylon Newherryi. 
Now Albany shale, Upper Devonian. Indiana. X 200. 

A number of leaf spots resembling the aecial, uredinial, and telial 
sori of the Pucciniaceae have been observed on foliage of Upper Cre- 
taceous and Cenozoic plants. These have received such names as 
Pitccinites, AeciditeSy and Teleutosporites. The latter has been reported 
parasitic upon a Carboniferous Lepidodendron, although the identity is 
too uncertain to constitute sound evidence of a Carboniferous rust. 
Sporophores of the bracket fungi occur occasionally in the Cenozoic, 
and a fossil earth star/^ Geast^rites florisaantensis^ came from the 
Tertiary of central Colorado. 
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Among the Fungi Imperfecti Pestalozzitea, so named because of its 
resemblance to Pestalozzia, occurs on Miocene palm leaves. Numerous 
other examples of imperfects might be cited, although their importance 
is relatively slight. 

The fossil record has thrown no light on the problem of the evolution 
or origin of the fungi. Morphological studies of recent fungi indicate 
that the class is polyphyletic, different groups having developed from 
various algal types through the loss of chlorophyll and the resulting 
inability to sustain themselves independent of previously synthesized 
organic material. Therefore, it is probably useless to look for a common 
starting point in the time series for all fungi. Different ones originated 
at different times. Some have probably become extinct, and others arc 
very recent. 

Algae 

The algae lival the bacteria in their claims to antiquity, and the 
influence they have exerted upon the course of the life history of the 
earth since pre-C^ambrian times has been inestimable. Algae rank 
second in importance to the vascular plants as vegetable organisms in 
the geological seiies. Geologically they are significant for the roles they 
have played in limestone and petroleum formation. Limestones believed 
to have been formed b}^ algae occur in the oldest rock formations, and 
the deposition of calcium carbonate as a result of the activities of these 
organisms has been going on continuously in the warmer seas since the 
earliest decipherable geologic times. This deposition has been going on 
not only in the ocean but in fresh-water lakes and streams where suitable 
conditions exist. The so-called ^Svater biscuits” found in some of our 
inland lakes and the rough limy coating often surrounding pebbles in 
stream beds are examples of deposition of calcium carbonate by Recent 
algae. 

Although there is substantial evidence that algae have been in 
existence since pre-Cambrian times, the fossil record shows us rather little 
concerning the evolution of this group of thallophytes through the vast 
stretches of the Paleozoic, Mesozoic, and Cenozoic eras. They appear 
to have undergone relatively few changes in form and structure or in 
their mode of living. This comparative stability is the result of the 
aquatic environment in which abrupt changes were lacking as compared 
with the environment of land plants where temperature, rainfall, topog- 
raphy, and soil conditions are guiding factors. 

Fossil algae are often difficult to recognize with certainty because in 
many instances no traces of the original cell structure remains. There 
are numerous examples on record of forms originally supposed to be 
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algal fossils that were later shown to be worm borings, scratches, tracks, 
or inorganic formations caused by chemical action or by deformation 
brought about by earth movements. Not only are algae sometimes dif- 
ficult to recognize, but their proper classification, once they have been 
identified as such is equally problematic. Modern algae are classified 
mainly on the basis of the color pigments in the cells and on the repro- 
ductive organs, features sc^arcely discernable in the fossil condition. 

It is a common practice among authors on paleontologic subjects to 
include under the category of fossil algae not only those objecd-s which 
show actual remains of the organisms, but also structures believed to 
have resulted from their activities. The latter include many limestone 
deposits known as stromatolites. Stromatolites may be nodular, col- 
umnar, spheroid, or biscuit-shaped masses made up of superimposed or 
concentric laminae, or they may (consist of irregularly expanded sheets oi‘ 
lenses. They may be solid, spongy, or vesicular. Microscopically they 
show nothing except mineral crystals, their algal oiigin being infeiTed 
from their resemblance to limestone masses formed at present. Whether 
stromatolites are the result of algal activity or of inorganic agencies has 
been the subject of much dispute, but if they are organic the algae that 
produced them outiank all other pre-Silurian \'egetable forms in al)un- 
dance, variety, and importance as rock builders. Of the noncalcai-eous 
remains often interpreted as algae are numerous impressions and markings 
on rocks, which resemble branched seaweeds or fresh-water forms. The 
interpretation of such objects is invariably open to (prestion although 
many have been described under generic and specific names. 

Before discussing the general subject of calcareous algae and algal 
limestones, a few remarks Avill be made concerning the geologic distri- 
bution of some of the classes of algae. The blue-greens (Myxophyceae) 
are believed to be the oldest. Certain very extensive limestone beds of 
the pre-Cambrian are believed to be the result of their activity. They 
were active limestone formers throughout the Paleozoic, although by 
this time other groups of algae are believed to have come into existence. 
The oldest noncalcareous alga showing cell structure is Gloeocapsomorpha^ 
probably a blue-green, from the Ordovician of Esthonia. It has cells 
0.01 to 0.08 mm. long, which are held together in groups by a transparent 
matrix. The resemblance to the living genus Gloeocapsa is obvious. 
Somewhat older is Morania, from the Middle Cambrian, which resembles 
NostoCy and Marpolia, which has some likeness to the recent Schizothrix, 
The Chlorophyceae are believed to have existed in large numbers 
during the Paleozoic. The oldest fossil believed to represent this class 
is Oldhamia from the Lower Cambrian. It exists as an impression of an 
articulated stem bearing whorls of closely set branchlike structures. 
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Because of its resemblance to the recent Halimeda^ it is provisionally 
classed with the Codiaceae. 

The algal family most copiously represented in the fossil series is the 
Dasycladaceae, one of the families of the Siphonocladales. This family 
embraces 10 Recent genera and a greater number of extinct ones. Its 
members are responsible for calcareous deposits ranging from the Ordo- 
vician to the present except that none are known from the Devonian or 
Lower Carboniferous. The plants of this family consist of upright 
elongated coenocytic axes bearing radiating lateral appendages, which 
may be simple or branched. In many forms the tips of the appendages 
arc terminally enlarged so that they nearly touch and form a globular or 
cylindrical structure which may in some forms exceed a centimeter in 
diameter. 

Hhabdopordlaj Cyclocrinus, and Prismocorallina are early forms 
attributed to the Dasycladaceae that date back to the Ordovician. 
Rhahdopondla is a small cylindrical unbranched form, which may be the 
aru^estral type for the other members of the family. Cyclocrmus pro- 
duces large delicate heads alrout 8 mm, in diameter, with a thinly calcified 
surface consisting of compactly fitting enlarged tips of the appendages 
that arose from the swollen axis tips. In Prismocorallina the branches 
were irregularly placed, not forming a definite surface layer. The 
branches were twi(‘-e divided to form two terminal branchlets. 

The Charales have a long record that extends into the Devonian. 
Oenera in which the spherical oogonia are surrounded by five spiral cells 
occur frequently in the Cretaceous and Cenozoic, although GyrogoniteSy 
which is one of the best known genera, dates from the late Triassic. 
Palaeochara is a late Carboniferous genus with six spiral cells. Pal- 
aeonitella, from the Middle Devonian Rhynie chert, is a doubtful member 
of this order, but other possible Devonian ones are Trochiliscus and 
Sycidium., 

Although the red algae (Rhodophyceae) are among the most impor- 
tant of the rock builders in the Recent tropical seas, some investigators 
believe that they played a lesser role during the early Paleozoic. Never- 
theless, certain very abundant Paleozoic algae are assigned to this class. 
One of the best known is Solenopora (Fig. 19), which ranges from the 
Ordovician to the Jurassic. Solenopora produced biscuit or headlike 
limestone masses ^vith a lobate surface which, when sectioned vertically, 
are seen to consist of faintly visible radiating lines (the algal filaments) 
and wavy concentric bands which probably represent seasonal accretions. 
A Recent member of the Rhodophyceae which extends back into the 
Triassic is lAthothamniurn. The thallus of this plant forms a hard stony 
mass on the surface of a submerged rock, and the exposed surface is 
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irregular or warty. In section the thallus mass shows two layers, a 
lower one consisting of cells radiating outward from a central point, and 
an upper one of cells arranged in horizontal and vertical rows. The 
genus Lithophyllum is believed to have been in existence since the Cre- 
taceous, but the possibility that it may have a longer history is suggested 
by the Big Horn dolomite of Ordovician age in Wyoming. In structure 
this dolomite resembles those deposits made by modern species of Litho- 
phyllum although no cells are preserved in cither the fossil or the Recent 
deposits. 

The brown algae (Phaeophyceae), being noncalcareous, have not 
entered as strongly into the fossil record as the three classes just men- 


Fig. 19 . — Solenopora compacta. Upper Ordovician. natural size. 

tioned. Various imprints resembling Fucus and other genera of seaweeds 
have been found in rocks of all ages from the early Paleozoic to the present 
but their value as authentic occurrences of these plants is seldom great. 
Most of those objects which are indiscriminately called '^fucoids^^ and 
which are found especially in the Devonian are inorganic. The genus 
PrototaxiteSf once supposed to be a brown alga, is provisionally referred 
to a higher group known as the Nematophy tales, and is described on a 
later page. . 

The recent discovery of well-preserved zygospores of desmids in the 
Middle Devonian Onondaga chert of central New York furnishes satis- 
factory evidence of the antiquity of this group of organisms. One type 
with four spines resembles the living genus Arthrodesmus. Other globose 
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forms with slender furcate spines resemble Cosmarium, Staurastrium, and 
Xanthidium. Desmids have seldom been reported elsewhere although 
they have been mentioned from the Devonian, Jurassic, and Cretaceous. 

The fossil record of the diatoms is confined mostly to the Cretaceous 
and Cenozoic, although well-preserved remains have been found in the 
Jurassic. They probably existed earlier, but because of the destructi- 
bility of the siliceous valves they are readily destroyed either from 
crushing or from the solvent action of alkaline waters. 

Diatornacreous earth beds, which are deposits made up of the siliceous 
valves of diatoms, form in both fresh and salt water. In some lakes at 
the present time, notably Klamath Lake in southwestern Oregon, a 
soupy diatoma(u?oiis ooze is accumulating on the bottom. In the Ceno- 
zoic deposits of t he Great Basin, diatomaceous earth beds are interlayered 
with basalt and volcanic ash. The ash apparently supplied an abundance 
of soluble silicates, which the diatoms were able to utilize. The Trout 
Oeek diatomite bed of middle Miocene age in southeastern Oregon con- 
tains large (luantities of leaf impressions and other plant remains. 

Ranking next to the calcareous algae in importance in geologic history 
are those which have played a leading role in coal and petroleum forma- 
tion. (kn'tain types of carbonaceous deposits such as boghead and 
torbanite, and some oil shales, are thought to have received their oil 
content from algae similar to the l ecent Botryococcus Brownii, Boghead 
and torbanite resemble cannel coal except for their composition. Many 
years ago it became known that these oil-bearing coals are made up 
principally of yellow bodies,’' which are merely colonies of unicellular 
organisms held together by a rubbery or gelatinous matrix. A hollow 
type of '‘yellow body” resembling Volvox was named Reinschia^ and a 
similar but solid one was called Pila. The morphology of Reinschia and 
Pila has long been a matter of disagreement. They were originally 
thought to be algae, but some investigators believed they were spore 
cases. The question now seems definitely settled because studies rather 
recently made in peat deposits have shown the presence there of organ- 
isms identical with both Botryococcus Brownii and the “yellow bodies.” 
In all of them the colony consists of a framcAvork formed of material 
secreted from the cell cavities. Each colony has a dome-in-dome 
structure and is globular when small. The rubbery matrix that binds 
the cells together is highly resistant to decay, and yields paraffin upon 
distillation. B. Brownii is one of the outstanding examples of an oil- 
producing alga. It has probably been in existence since the lower 
Carboniferous. 

Much of the petroleum in the pre-Carboniferous shales of Eastern 
North America is believed to have been derived from organisms of a 
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different kind. Two of these, Sporocarpon (Fig. 205) and Foerstia 
(Fig. 20A ) are small thalloid bodies a few centimeters long. The form 

known as Sporocarpon furcatum is 

slightly unequally two-lobed and 
/ \ /^/ P\ somewhat resembles the pincher 

/ / y j [ I \ ^ lobster. Foersiia ohioensis is 

/ \ but the longer of the two 

I j 1 \ / lobes sometimes curves inward 

\ \ J I ] / shepherd’s crosier. The 

\ Vy j j bodies of both consist of several 

\ / / layers of heavily cutinized (^ells, 

\ j — I and within the tissue of the l)ody 

\ / cutinized ..spores" are borne in 

\ I tethids. 

1- Spofocarpo/i. iind FoerMia are 

^Af (B) found in' the Upper Devonian 

Fia. Foerstia ohi^mis. '|)rawn t, i r x i j 

froirf photograph by White. X about 10. black shales of Kentucky and 

(B) Sporocarpon' furcatum. {After Dawson.) Ohio. Although their affinities 

X About 10 . unknown, they are similar in 

appearance to certain modern brown algae fhat inhabit the zone between 
the tides,, but being Cutihized were able to Siithstand longer exposure to 
dry air. They r^emble Nematothallus to sonie Extent but differ in the 
celtelar stMcture of the tissues. 


. Tasfnanites (Sporangites) is 
another jSiifoblematic organism in 
the Uppei*®evonian black shales. 
It is found with Sporocarpon but 
is moiia ^videspread and abundant, 
and at some places it imparts a 
yelloudsh tint to the fractured 
surface of the shale. Tasmaniie.^ 
is unicellular arid resembles the 
exine of a rounded spore without 
a triradiate ridge. The surfaces 
of some forms bear minute warts, 
but others are smooth. 

Pachy theca (Fig. 21) is a small 
spherical body, supposedly an 
alga, fropi the Upper Silurian and 



Lower Deyonian. It consists of a central mass of intertwined tubes 
surrounded by a layer of outwardly radiating ones. The latter contain 
small cellular filaments that project slightly beyond into what was 
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probably a gelatinous sheath around the outside. Pachytkeca may belong 
to the blue-green algae. 

ParkUy from the Lower Devonian of Great Britian, is a flat thalluslike 
body covered by a surface layer of roundish hexagonal cells. The shield- 
shaped structure, which is a centimeter or less in diameter, was probably 
borne on an upright stipe. Numerous spores without triradiate ridges 
were produced in cavities within the thallus. 


Thk Nematophytales 

This name was recently proposed for certain Silurian and Devonian 
plants of unknown relationship in which the plant body consists of a 



{A) , (B) 

Fig. 22. — (.4 ) Proiotaxites^ Logani, Transverse section. Upper Devonian. Scaumeuac 
Bay, Quebec. X -about 100. (B) PrototarUea Logani. Longitudinal section. Upper 

Devonian. Scaumeuac Bay, Quebec. X about 100. 

system of interlaced tubes. N ematothallus is a thin, flat, leaflike com- 
pression from the Downtonian (early Devonian) of England. The 
expanded plant body, of which the original size and shape are unknown, 
is composed of a system of tubes of two sizes. The smaller of these 
averages about 2.5 microns in diameter, and the larger range from 10 to 
50 microns. No transverse w’^alls are present, but the large tubes are 
r^forced on the inside with closely spaced annular bands. Their outer 
surface is cutinized and inside the tubes are spores measuring 12.6 to 
40 microns, which appear to have been produced in tetrads. 
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The name Protoiaxites was proposed by Sir William Dawson in 1859 
for some large silicified trunklike organs from the Devonian rocks of the 
Gasp6 Peninsula. The specimens were rather large, some being as 
much as 3 feet in diameter, with a smooth or irregularly ribbed and 
nodose surface. Internally the trunks reveal a series of concentric 
layers resembling the annual rings of temperate zone trees, and radiating 
outwardly are narrow strips of tissue simulating medullary rays. 

Microscopic examination of the tissue reveals a system of noiiseptate 
interlacing tubes, which in general follow a vertical course. In Proto- 
taxites Logani, the species described by Dawson, the tubes are of two 
sizes, large ones ranging from 13 to 35 microns in diameter and smaller 
ones 5 to 6 microns across (Fig. 22). The smaller tubes fill the inter- 
stices between the larger ones, and because of partial decay often give 
the appearance of a structureless matrix. In other species of Proto- 
taxites (P. Ortoni from Ohio) the tubes are all of the same diameter or 
(as in P. Storriei from Wales) they may intergrade from large to small. 
No spores or fructifications of any kind have been assigned with certainty 
to any species of Protofaxites. 

When Dawson proposed the name Prototaxites he ^vas impressed ))y 
the presence within the large tubes of structures resembling the spiral 
bands found within the tracheids of the Recent Taxus. Later investiga- 
tions, however, showed the supposed wall sculpturing was more likely 
the result of partial disintegration of the walls, and that the tubes do 
not resemble the tracheids of either ancient or modern conifers. They 
bear more resemblance to the tubes in the stemlike stalks of some of the 
giant seaweeds, and consequently the names Nematophycus and Ncmato- 
phyton were proposed by Carruthers and Penhallow, respectively, as 
substitutes for Prototaxites. Although these substitute names have been 
widely used, neither is valid because under the rules of nomenclature 
adopted by botanists a name cannot be rejected merely because of a 
mistake in judgment in selecting it. 

Although the affinities of Prototaxites are only conjectural, it is often 
given a tentative place among the brown algae. On a structural basis 
it may be compared with Maxrocystis, Lessonia, and Laminaria. Its 
inclusion by Professor Lang in the Nematophy tales is justified on the 
basis of the similarity between the tubular construction of it and Nemato- 
thallus, regardless of the fact that no spores or cutinized structures are 
known for the former. It seems not impossible that Nematothallus may 
ultimately prove to be the leaffike appendage of Prototaxites. In the 
Lower Devonian of Germany impressions of fan-shaped appendages of 
the Psygmophyllum type were once assigned to trunks believed to repre- 
sent Prototaxites^ and the plant was described Prototaxites psygmophyL 
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loidea. Dr. H0eg, who has recently reexamined the material, believes, 
however, that the trunk of P. psygmophylloides is parenchymatous and 
not tubular, and that the designation Prototaxites is not appropriate for 
it. lie has proposed the name Germanophyton, 

Because of our sketchy knowledge of the Nematophy tales, it is 
impossible to say to what extent they represent a natural plant group or 
whether our concept of them as a group distinct from the algae is justified. 
Students of phjdogeny have long searched for evidence of connecting 
links between the typical seaweeds and the lowest land plants. Such 
links, it has been postulated, must have been semiaquatic, and inhabited 
the littoral zone, where they were at times submerged but at other times 
exposed to the air for long intervals. When the water level receded 
permanently, those farthest from it became stranded. Some were able 
to adapt themselves to a land habitat, and others perished. One of the 
structures tliat developed as a result of life out of water was the cuticle 
that is present in Nematothallus and other forms such as Parka and 
Sporocarpon, That the Xematophy tales gave rise to permanent land 
plants is improbable, but they may represent remnants of a group of 
early Paleozoic plants that was transitional between vascular plants and 
some lower aciuatic form. 

Sporocarpon, Foersiia, and Parka are on an approximate evolutionary 
level with the Xematophy tales in that they have cutinized surface tissues 
and firm-walled spores. Being cellular instead of tubular, they probably 
belong to a distinct though related group. 


Alg.vl Limestones 

Much of our knowledge of ancient algae has been gained from studies 
of limestones believed to have been formed wholly or in part from the 
activities of these organisms. In many instances (as in stromatolites) 
no traces of the cellular structure are retained, and in such cases, the 
algal origin is inferred from the general resemblance of the limestones 
to those in process of formation at the present time. 

The most important rock builders among living algae belong to the 
Myxophyceae, the Corallinaceae of the Rhodophyceae, the Dasycla- 
daceae of the Chlorophyceae, and the (Uiarales. These organisms are 
capable of thriving under a wide range of conditions, and some, such as 
those responsible for the deposition of the delicately tinted tufas and 
sinsters in Yellowstone National Park, live in water of high temperature. 
Calcareous algae range from the arctic to the tropics, and sometimes exist 
at great depths. In the warmer seas they are active in the building of 
coral reefs. Studies made at the great reef of Funafuti in the South Seas 
showed that the two most active organisms are Lithoihamnium and 
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Halimeda. The foraminifcra ranked third and tlio coi'als fourth in (lie 
amount of lime deposited. These algae, oj- niillipore.s, grow among the 
corals, and the deposited lime seiwes to cement the tubular coral growths 
together into a compact and resistant mass. 

The deposition of calcium carbonate by algae results from the fact 
that they obtain carbon dioxide for photosynthesis from calcium bicar- 
bonate in the water, leaving calcium carbonate as a residue. I'he pres- 
ence, therefore, of fossil algal reefs in sedimentary deposits is generally 



Fig. 23. — Cryptozoon minnesotensis. Limestone head showing conrentric layers. Ordovi- 
cian. Cannon Falls, Minnesota. Slightly reduced. 

interpreted as an indication of clear water in which the sunlight was 
able to penetrate to the bottom. A tropical climate is not necessarily 
assumed, although higher temperatures are known to favor the develop- 
ment of limestone partly because of increased algal growth, and partly 
because of the lesser solubility of the precipitated calcium carbonate in 
warm water. However, in cold climates calcareous algae flouiish in 
streams and lakes supplied by hot springs. 

Most limestones of algal origin consist of small heads or large masses 
cemented together laterally. These heads may vary from a few inches 
to several feet in extent. The individual head usually has in the center 
or toward the base a pebble, shell, or other object which served as the 
original substratum to which the algal filaments were attached. The 
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calcium carbonate may be deposited as a crust surrounding the surface 
of the algal filaments, or it may settle out as a precipitate to form a lime 
mud after death of the plants. In the former case the filaments may be 
preserved, but seldom are in the latter. Since the limy substance 
increases by accretion, definite layering often results. In many lime- 
stones these layers are nearly concentric around the central nucleus, but 
in others they may be thicker toward the top, or they may be irregularly 
formed. 

Algal limestones exhibit such a variety of forms that classification is 
difficult. In general, however, they may be grouped under (1) simple or 
pisolitic forms and (2) large colonial forms. In the simple forms, the 
limestone consists principally of small rounded or angular masses, usually 
under an inch in diameter, which are cemented together by lime mud. 
When sectioned, these masses show irregular concentric layering around 
a central nucleus. These simple forms are the most common type, and 
are formed in (juite shallow lakes, estuaries, and seas. They are produced 
by a variety of organisms. 

The colonial forms produce large “biscuits,^’ or heads with a rough 
irregular surface. Sometimes they are made up of irregular concentric 
layers, but often they arc composed of branching fingerlike processes. 
Frecpiently they are more or less coalescent, producing Urge compound 
colonies. Solenopora, is a well-known example of this type (Fig. 19). 

In addition to the simple and colonial forms, a third type of algal 
limestone may be mentioned that consists of broken fragments of l)ranch- 
ing forms cemented together within a matrix. This is rarer than the 
nodular or large colonial forms and occurs principally in the late Cre- 
taceous and Cenozoic. 

It has long been customary when describing algal limestones to assign 
them to genera and species, but since many show no traces of the causal 
organism, the descriptions must be based upon external form, interna^ 
structure, etc. The genera tc which they are assigned are form genera, 
and may include many different biological types. Thus, Pycnostroma is 
the form genus for many simple pisolitic limestones, and Cryptozoon 
(Fig. 23) embraces large spherical types made up of concentric layers. 
In some limestones it is possible to recognize traces of the organism, 
examples being Solerwpora^ Liihothamnium, and Chlorellopsis, 

Of the very large number of algal limestones that have been des- 
cribed, only a selected few will be mentioned here. Among the most 
important are those described by the late Doctor Walcott from the Big 
Belt Mountains of Montana. These are of Algonkian (pre-Ca-mbrian) 
age, and are of great scientific interest because they represent some of 
the oldest known rocks thought to be of organic origin. They cover an 
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area of more than 6,000 square miles and are of gieat vertical extent. 
Actual remains of algae in these rocks are scanty, and for several years 
considerable doubt existed in the minds of certain authors whether these 
irregular masses resulted from the activities of algae or w liether they were 
formed by inorganic agencies. However, it is now generally belieA ed 
that they were precipitated by algae, probably of the blue-gieeii group. 

The most abundant form genus of the Big Belt Mountain arcja is 
Newlandia, which exists as irregular subsplieiical or frondlike gro\N ths 
constructed of concentric or subc(iuidistant thin layers that are connected 



24 . — Oouldina magna. Portiofi of a large colony showing wavy growth layers. Weber 
shale, low'er Pennsylvanian. Park County, Colorado, Slightly reduced. 


by irregular broken partitions. Four so-called ‘‘species^’ of Newlandia 
have been described and figured. CoUenia, another genus, consists of 
more or less irregular dome-shaped bodies a foot or less in diameter, 
wMch grew with the arched surface uppermost. They appear to have 
increased in size by the addition, of irregular external layers. Camasia 
is a compactly layered growth with numerous tubelike openings that 
give a spongoid appearance in cross section. These openings are smallest 
at the base. Other form genera such as Kinneyia, Greysonia, and 
Copperia are inorganic, and the names serve only for distinguishing cer- 
tain types of rock formations in the localities where they occur. 
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The Cryptozoon reefs of Upper ('ambriari age near Saratoga Springs, 
New York, are also examples of very characteristic formations of 
disputed origin. These reefs consist of flattened spherical masses, 2 
feet or less in diameter, made up of concentric layers and so constructed 
that they resemble heads of cabbage. Whether these heads are of vege- 
table or animal origin, or are merely masses formed of inorganic colloidal 
material, has been a subject for considerable speculation. Recent studies 
strongly support the theory of algal origin. 



Fio. 25 . — ChloreUopsis coloniata. Thick calcareous crust surrounding a silieified twig. 

Green River formation. Eocene. Sweetwater County, Wyoming. Slightly reduced. 

Several forms of algal limestones have recently been described from 
the Pennsylvania rocks of central C'olorado. They consist of simple 
forms (Pycnostroma) and large colonies that are described under such 
names as Shermanophycusj GouMina, Stylophycus, Artophycus, Calyp- 
tophycusy and others believed to belong to the Myxophyceae. The 
outer surface of ShermanophycMs is irregularly pitted and resembles a 
cauliflower. Internally, the colony consists of a thin basal mass of 
irregular concentric structure surrounded by fingerlike branching out- 
growths of arched layers. GovMina differs from Shermanophycus in that 
the central portion is relatively smaller and less distinct from the wavy 
outer portion. The filaments appear to have grown perpendicular to 
the surface in GouUina but parallel to it in Shermanophycus. A cross 
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section of Gouhiina shows a series of concentric or eccentric layers that 
become more undulating farther out from the center (Fig. 24). Calyp- 
tophycus is an interesting form in that it produces wartlike crusts on 
logs and other objects. It sometimes forms a thick sheath around casts 
of Calamites and other stems. 

Another notable occurrence of algal limestones is in the middle 
Eocene Green River formation of northwestern Colorado and adjacent 
parts of Wyoming and Utah. Some of the largest reefs extend over 
several square miles and apparently formed on the bottoms of clear, 
warm, shallow lakes. Others known as the fringing type were formed 
near the shores. The algal colonies consist of aggregates of dome-shaped 
or roughly spherical masses that when sectioned are seen to b(‘ made of 
irregular concentric laminae typical of algal limestones in general. The 
organism mainly responsible for the formation of these Green River reefs 
is Chlorellopsis coloniata, and at one locality in Sweetwater County, 
Wyoming, it has formed thick lime deposits around the silicified branches 
of trees (P^ig. 25). 

Chlorellopsis coloniata is a spherical organism surrounded by a thin 
shell of interlocking grains of calcium carbonate. The spheres range 
from 110 to 140 microns in diameter, and usually occur in clustered 
colonies although rarely in chains The genus is named from the living 
genus Chlorella, 


Bryophyta 

Fossil remains of th^ Bryophyta are rare, a fact which may seem 
strange in view of their abundance at the present time but which is not 
difficult to explain when the very fragile nature of the plant body is 
considered. 

Until 1926 very little was known concerning liverworts in the Paleo- 
zoic and Mesozoic. The names Palaeohepatica and Marchantites had 
been applied to thalloid objects bearing some superficial resemblance to 
liverworts, but in most instances their affinities were admittedly uncer- 
tain. To date the only Paleozoic liverworts of which we possess any 
amount of knowledge are from the Middle and Upper Coal Measures 
of Great Britain. These are all referred to the form genus Hepalicites, 
which has been instituted for fossil plants which are obviously hepatics 
but cannot be assigned to true genera. 

No reproductive structures have been found attached to any of the 
Paleozoic species of Hepaticites. The vegetative features, however, 
suggest affinity with the anacrogenous Jungermanniales. All species are 
dorsiventral. H. Willsi is a ribbonlike, dichotomously branched thallus 
with a growing point at the apical notch of each lobe. H, Kidstoni is 
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more elaborately constructed. It has a central axis bearing four rows of 
leaflike lobes, two large and two small. The large lobes are rounded, 
broad objects attached in two opposite rows. The smaller lobes are on 
one side. Whether the latter are on the upper or the lower surface is 
unknown because the orientation of the material is undetermined. 

Two species of Carboniferous mosses, Muscites polylrichaceus and 
M. Bertrandiy came from the late ( 'arboniferous of France. All the 
material is fragmentary, and it is impossible to compare these forms with 
modern genera. 

Our knowledge of Mesozoic liryophyta is meager. Two species of 
Hepaticites have been described from the lowermost Jurassic of east 
(ireenland and one from the late Triassic of FiUgland. Naiadiia, a 
fossil of long disputed affinities and also from the late Triassic of England, 
is now definitely referred to the Bryophyta, and is probably the most 
completely known fossil representative of this group of plants. 

Naiaditay with one species, N. lanceolaia, is a small plant 1 to 3 cm. 
high, with a slender sparsely branchcid axis. The linear to rounded 
leaves are arranged in a loose spiral and are attached by a broad base. 
The shoots produce terminal gemmae cups, which bear gemmae resem- 
bling those of Marchantia. 

Many of the shoots of Naiad lla> bear archegonia. These are lateral 
structures produ(*ed along the sides of the stem. There is no evidence 
that they are axillary, although they may replace leaves. The archegonia 
are sessile, but the spore capsules are borne on basal stalks about 3 mm. 
long. A perianth” of four lobes develops around the base of the 
archegonium. 

The mature sporophyte is a globular body less than 1 mm. in diam- 
eter that contains several hundred lenticular spores 80 to 100 microns in 
diameter. 

The entire plant was attached by slender rhizoids. 

Naiadita was originally supposed to be a monocotyledon allied to 
Naias, Later it was identified as a water moss, and then as a lycopod. 
Its Bryophytic affinities are now established beyond all doubt, although 
no recent family combines all its features. It is thought to be closest to 
the Riellaceae of the Sphaerocarpales, and in some respects resembles 
the genus Biella. 

Fossil mosses in the Mesozoic rocks are almost nonexistent. ^ Probably 
the only reported occurrence is a fragment of Sphagnum leaf from the 
Upper Cretaceous of Disko Island, western Greenland. 

^See, however, Steeee, W.C.: Cenozoic and Mesozoic bryophytes of North 
America, Am. Midland Naturalisty 86 , 1946, which appeared after this chapter was 
in press. 
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In the Cenozoic a number of liverworts and mosses are known which, 
like the flowering plants, are referable to modern genera. Most of the 
fossil mosses, however, come from Pleistocene deposits, more than 300 
species having been reported from Europe and a much smaller number 
from North America. Probably the largest Pleistocene moss flora in 
North America is from the Aftonian interglacial deposits of Iowa where 
33 species, have been found, four of which were described as new. 

The fossil record of the Bryophyta, meager though it is, does show 
that the group is an ancient one which has been in existence since the 
(.Carboniferous at least. Furthermore, there is evidence that the two 
groups, the Hepaticae and the Musci, have existed as distinct lines since 
that time. The fossil Bryophyta throw no light on the (luestion of 
vascular plant origin, and there is no reason to assume that they ever 
served as intermediate links in the evolution of vascular plants from 
algal ancestors. 
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CHAPTER IV 


THE EARLY VASCULAR PLANTS 

One of the decisive events in the evolutionary history of the plant 
kingdom was the appearance of the vascular system. This development 
probably took place soon after plants commenced sustained life upon 
land either during the early part of the Paleozoic era or possibly as long 
ago as the latter part of the pre-Cambrian. The problem of when 
vascular plants first emerged from the great flux of aquatic or semi- 
aquatic vegetation of the primeval world is increased not solely by the 
fragile construction of these ancient organisms but also by the extensive 
metamorphism to which the rocks of these early times were subjected 
and which obliterated almost the last traces of any kind of life ever con- 
tained in them. Metamorphism has most severely effected the pre- 
Cambrian rocks. Those of the C'ambrian, Ordovician, and Silurian are 
less metamorphosed, but being principally in marine formations, the 
organic remains they contain are mostly invertebrates and algae. Only 
recently have we possessed explicit information on any pre-Devonian 
vascular plants, and nowhere have they been found in (quantity. How- 
ever, the ultimate discovery of land plants in the Silurian had long been 
anticipated, because the degree of development exhibited by some early 
Devonian types could be explained only by assuming that they were the 
pr(xlucts of a long evolutionary sequence. 

The time and place of the origin of vascular plants, and the manner 
in which they developed, are some of the basic problems of evolutionary 
science upon which paleontological investigations have thrown no 
direct light. Theorists have speculated at great length upon these 
matters but perforce without the support of much evidence from the 
fossil record, which does not begin until land plants began to be per- 
manently preserved. A theory that has found wide acceptance and is 
not contradicted hf any facts revealed by the fossil record is that the 
vascular system developed among certain highly plastic marine thall- 
ophytes which grew along the shores probably at about the upper limits ; 
of the tide levels. At places where the shore line receded because of ^ 
land uplift, these plants became stranded in temporary pools, which 
were isolated from the main body of water. As a result of this gradual 
change from an aquatic to a more terrestrial environment most of the 
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stranded species became extinct, but a few of the more adaptable ones 
gradually became transformed to permanent life on land. The first 
bodily modification was probably the transformation of holdfast organs 
either into rhizomelike structures bearing rhizoids or into roots, and this 
was accompanied or closely follow^ed by the development of cutinized 
surface layers that retarded water loss. Then, ^vith the increase of the 
size of the plant body certain tissues became specialized for the conduction 
of food and water. This last development not only made further 
increase in size possible, but increased the life span of the plant by 
rendering it more capable of coping with environmental fluctuations. 
The spore-producing organs were elevated to the highest extremities 
where the widest possible dispersal was assured, but since water was still 
necessary for fertilization the spores germinated and produced game- 
tophytes close to the surface of the ground. In this way alternation of 
generations with independent gametophytes and sporophytes was 
established at an early date. 

The Nematophy tales described in the preceding chapter possessed a 
cuticle but no vascular system. Too little is known, however, of this 
vaguely defined plant assemblage to enable us to look upon it with 
certainty as an intermediate stage in the evolution of the land habit 
although it is suggestive of such, and it may ultimately show something 
of the course followed during this early subaerial transmigration. Like 
most theories that have to be constructed from a meager array of facts, 
the postulation that land plants developed in the manner just described 
probably creates more problems than it solves. It leaves us completely 
in the dark as to whether all vascular plants are the ultimate descendants 
of a single transmigration that occurred only once, or whether several 
such movements have occurred at different places and at well-separated 
intervals extending even to within comparatively recent times. The 
diversity of form displayed among vascular plants may indicate the latter, 
and this may be the basic cause of many of the diflSculties in the plotting 
of phylogenetic sequences. 

THE PSILOPHYTALES 

Our knowledge of the Psilophytales, the simplest and possibly the 
oldest of the known vascular plant groups, began in 1868 when Sir 
William Dawson published his first description of Psilophytan princeps 
from the Gasp4 sandstone. The group was neither formally recognized 
nor named, however, until Kidston and Lang published the first of a 
series of articles in 1917 describing the plants from the Rhynie chert. In 
tins paper Rhynia Gwynm^-V aughani was described and its evident 
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relationship to Psilophyton was stressed. Dawson's account of Psilophy- 
ton was founded upon detached fragments in which the internal structure 
was not well preserved, and the anatomical evidences of primitiveness 
so admirably revealed by the Rhynie plants were lacking. During the 
long interval between Dawson's latest contributions on the subject and 
the discovery of the Rhynie plants, little was added to our knowledge of 
the morphology or relationships of Psilophyton, and some incredulity 
was expressed concerning the genuineness of Dawson’s interpretation of 



Fig. 26 . — Section of Rhynie chert showing numerous stems of Rhynia cut transversely and 

obliquely. X 


it. But the genus took on added significance after the Rhynie dis- 
coveries, and Dawson's restoration (Fig. 32) is now believed to be 
essentially correct. Psilophyton is the type genus of the order. J 

The Psilophytales range from the Middle Silurian to the Upper' 
Devonian but they are most prevalent in the Lower and Middle Devon- 
ian. Known instances of their occurrence in the Upper Devonian are 
few and probably not entirely free from doubt. Most of the psilophytes 
that have been reported from the Upper Devonian were either wrongly 
detennined or the rocks were erroneously dated. 
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Characteristics 

Although considerable diversification exists among the Psilophytales, 
the more typical ones exhibit the following characteristics: 

1. The plant body shows a relatively low degree of organ differentia- 
tion and is simply and sparsely branched. Most members have rhizomes 
bearing rhizoids and aerial stems, but lack roots. 

2. The stems are naked or spiny, with stomata on the surface, or 
with small simple leaves. 

3. The vascular system, where known, is a simple strand that is 
either circular or lobed in cross section, with the phloem conforming to 
the outline of the xylem. Occasionally some of the lobes may become 
locally separated from the main strand but this is not a regular feature. 

4. The spore-bearing organs are terminal, either on the main shoots 
or their branches or on short lateral shoots, forming a racemelike inflores- 
cence. They are not associated with foliar organs. The sporangium is 
essentially an enlargement of the stem tip v\ithin which a single spore 
cavity had formed. The w'alls are several cells thick, and the spores are 
borne in tetrads. All knowm members are homosporous. 

Classification 

Since the Psilophytales as a group is somewhat arbitrarily defined, 
any proposed classification of its members is tentative, and subject to 
future modification or even complete replacement. If more were to be 
found out about some of the less well-preserved plants now placed in 
the Psilophytales, they would probably be transferred to other groups, 
and additional information on almost any of the genera might necessitate 
a rearrangement of generic and family limits wdthin the order. Krausel 
and Hirmer have both proposed classifications of the Psilophytales. 
Krausel has set up nine families including more than 20 genera. Some 
of the families are w'ell founded whereas others contain only one or two 
very inadequately know ii genera. Those families outlined in the follow'- 
ing paragraphs are believed to be the most firmly established and to 
conform best to the Psilophytales as they are here defined. Members of 
two additional families proposed by Krausel, the Drepanophycaceae and 
the Protopteridaceae, are discussed in this book under the lycopods and 
ferns, respectively. 

Rhyniaceae . — The plant body consists of a cylindrical or lobed 
rhizome, which bears rhizoids and aerial shoots. It is rootless and leaf- 
less. The aerial shoots are simple or equally or unequally dichotomously 
forked, with stomata in the epidermis. The sporangia are terminal oa 
the main shoots and borne singly or grouped into synaagia^ The family 
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contains the genera Rhynia, Horneophyion, SporogonitcSy Cooksonia^ 
Yarravia and Hicklingia^. 

Zosterophyllaceae. — The plant body consists of a profusely and irregu- 
larly branched rhizome bearing leafless aerial shoots. The sporangia are 
terminal on short side branches in racemose clusters at the tips of the 
aerial shoots. Zosterophyllum and Bucheria constitute the family. 

Psilophytaceae. — The plant body is similar to that of the Rhyniaceae. 
The aerial shoots, especially in the larger portions, are ornamented with 
small, spinelike emergences probably glandular in nature. The sporangia 
are small, oval, and terminal on small brantdi ramifications. The 
essential genera are Psilophyton, Dawsonites^ and Loganella, 

Aster oxylaceae. — The plant body consists of a cylindrical branched 
rhizome of which some of the smaller subdivisions act as absorptive 
organs, and others of which become aerial shoots. The aerial shoots are 
covered in part with small simple leaves but the smaller twigs are spiny 

or naked. The xylem strand of 
the aerial shoot is stellate in cross 
section. Asteroxylon and possibly 
Schizopodium constitute the family. 

Pseudospo rochnaceae. — The 
plants are comparatively large (2 
m. or more high) and upright. 
The swollen base merges mth a 
straight trunk that splits at the 
top into a digitate crown of slender 
branches. The smallest branches 
are dichotomously forked and some 
bear oval sporangia at the tips; 
others are prolonged as filiform 
segments probably serving as 
leaves. Psevdosporochnus is the 
only genus. 

The Rhyniaceae 

Rhynia, — This genus with its 
two species was discovered in the 
Middle Devonian Rhynie chert in 
1913, and subsequently described 
by Kidston and Lang in a series of papers published in the Transactions 
of the Royal Society of Edinburgh. 

Rhynia is a simple plant of gregarious habit with a body consisting 
of a cylindrical subterranean rhizome that bore upright, leafless, simply 



{A) {B) 

Fio. 27. — Restorations of Rhynia. (A) 
R.Gwynne^Vaughani. {B)R. major. {After 
Kidston and Lang.) About natural size. 
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branched, aerial shoots (Fig. 27). It has no roots or foliar structures of 
any kind. Instead of roots, the rhizome bore rhizoids which arose from 
the underside and which functioned to absorb water and minerals from 
the soil. The smooth aerial stems taper gradually from the base to the 
tips. Some of them are simple and others are forked once or twice into 
branches of equal size. The tips of the branches either are pointed or 
terminate in upright oval sporangia, which are slightly broader than the 
stems. The stomata are scattered over the surface of the aerial shoots 
among the epidermal cells. 




(A) (B) 

Fig. 2S.- ~Rhynia Gwynne-Vaughani. (A) Transverse section of rhizome with a portion of 
the aerial stem attached. X 9. (B) Cross section of stem. X about 30. 


The simplicity of the plant is exhibited by the internal anatomy as 
well as by the habit. The vascular system consists of a slender cylindri- 
cal column of annular tracheids surrounded by a layer of phloem four or 
five cells in radial extent (Fig. 28). The phloem is a simple tissue made 
up of elongated elements with oblique end walls. These evidently 
functioned as sieve tubes although no sieve plates have been observed. 
Whether they are absent or obscured by poor preservation is unknown. 
Immediately outside the phloem lies the broad cortex with no intervening 
peiicycle or endodennis. In the largest stems the central tracheids of 
the xjdem mass are the smallest although usually they are all very much 
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alike in size. Sometimes the vascular strand stops before it reaches 
the tips of the smallest branches. 

The sporangia are oval or slightly cylindrical spore sacs somewhat 
pointed distally but at the base rather broadly attached to the tips of 
the aerial stems. The sporangial wall is several cells thi(*,k and is rather 
distinctly differentiated into two layers, an outer one 
and an inner one, the latter probably having functioned 
as a tapetum. The spores, which were heavily cutin- 
ized and borne in tetrads, occupied the large central 
cavity. 

The two species, Rhynia Gwynne-V aughani (Fig. 
27/1) and 72. major (Fig. 27 J5), are much alike, but 
differ in several minor respects. 72. Gwynne-V aughani 
is the smaller of the two and in some respects tlie more 
complex. The aerial stems, which are about 2 mm. 
in diameter, were stubbed with small hemispherical 
outgrowths which sometimes developed into adventi- 
tious branches. These branches possessed vascular 
strands of their own, which, however, were not con- 
nected with the vascular supply of the main stem. 
These side shoots were narrowly (constricted at the 
point of attachment and became readily detacched. 

Fio. 29 ,—ile- The plant thus appears to have had a means of vegeta- 
storation of Hor- reproduction. 

{After Kidston and Ihe Sporangia 01 lihyrvia Gwynne~V augham measunc 
Lang.) About H from 1 to 1.5 mm. in diameter and are about 3 mm. 

natural size. i mi • • t 

long. The spores are about 40 microns in diameter. 

Rhynia major is a larger plant with aerial stems about 5 mm. in 
diameter and 40 to 50 cm. high. The sporangia are as much as 4 mm. 
in diameter and 12 mm. long, with spores about 65 microns in diameter. 
Aside from over-all dimensions, the main difference between the two 
species of Rhynia is the presence in 72. Gwynne-V aughani of lateral pro- 
pagative shoots. 

Horneophyton} — This genus with one species, Horneophyion Lignieri 
(Fig. 29), was found with Rhynia in the Rhynie chert. It closely 
resembles Rhynia and sometimes occurs with it, but frequently it is the 
sole constituent of the chert. The aerial stems range from 1 to 2 mm. 
in diameter and are dichotomously branched after the manner of Rhynia^ 
but the rhizome is different. The rhizome of Horneophyion is a lobed 

^ HomsophyUm was originally named Homea by Kidston and Lang, but the later 
discovery that the latter name had been used in 1877 for a member of the Sapindaceae 
necessitated the substitution of the new name. 
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tuberous body lacking a vascular system but bearing nonseptate rhizoids. 
In the upper part the vascular strand of the vertical shoot ends as an 
expanded vertical cup. Saprophytic or mycorhizic fungous hyphae 
occupy the spaces between the parenchymatous cells of the rhizome. 

The sporangium of Homeophyton is a distinctive organ constructed 
similarly to that of lihynia but it has a columella of sterile tissue pro- 
jecting inl,o the spore cavity from the base (Fig. 30). The spores, which 
are about (K) microns in diameter, are borne in tetrads (Fig. 30fi). 
The diameter of the sporangium is only slightly greater than that of the 



Fig. 30 . — Homeophyton Lignieri. {A) Longitudinal section of sporangium showing the 
central columella and the overarched spore mass. X 25. {B) Spores, some still joined in 

tetrads. X 325. 


stem which bears it. The sporangia are simple where they terminate a 
simple branch, but where they surmount branches in the act of dichot- 
omy, the sporangium is a double one. The structure shows that the 
sporangium is essentially a stem tip modified for spore production. The 
wall surrounding the spore cavity is several cells thick, as in Rhynia, 
and lining the inside of the spore cavity is a well defined tapetum that 
extends over the columella. The central columella is cotitinuous with 
the phloem of the main stem, and since the tapetum is a nourishing 
tissue for the developing spores, its continuity Avith the phloem indicates 
that the latter tissue served for the conduction of food as in Recent 
plants. 
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* Other Members of the Rhyniaceae, — Sporogonites exuberans, from the 
Lower Devonian of Norway, is a small plant consisting of a slender 
unadorned stalk bearing a terminal spore case that varies from 2 to 4 
mm. in diameter and 6 to 9 mm. in length. The basal half of the capsule 
is made up of sterile tissue, and above this and occupying the interior of 
the upper half is a dome-shaped spore mass. The spores are 20 to 25 
microns in diameter and were formed in tetrads. There is no suggestion 
of any special mechanism for dehiscence. No vascular strand is visible 
in any of the stems, but this is believed to be due to faulty preservation. 

Sporogonites has been assigned to the Psilophytales because of its 
general resemblance to the aboveground part of Horneophyton. It 
might also be interpreted as the sporophytic structure of a large moss, 
but since no mosses have been recognized with certainty in the Devonian, 
the chances of Sporogonites belonging to the Bryophyta are relatively 
slight. Its correct assignment, of course, depends upon the presence or 
absence of a vascular system. A second species, S, Chapmanij was found 
in the Upper Silurian of Australia. 

Cooksonioj with two species, C. Pertoni and C. hemispherica, is an 
imperfectly known genus from the Downtonian (Lower Devonian) of 
Wales. It resembles Rhynia in having straight, upright, leafless, dichot- 
omously branched stems. The distinguishing feature is the sporan- 
gium, which is slightly broader than long with a rounded upper surface. 
Ve^ little is known of its internal anatomy. 

YarraviOj with two species, Y. oblonga and F. subsphaerica, is prob- 
ably the oldest known member of the Psilophytales. It is from the 
Monograptus beds of Australia, which are thought by most geologists to 
belong to the Middle Silurian. It is a remarkable plant, in some respects 
differing from other members of the Psilophytales. The plant has a 
synangial fructification that is terminal on a straight naked stalk. The 
radially symmetrical synangium consists of five or six linear-oval spor- 
angia fused laterally at the base but with the tips free. The two species 
are distinguished by the shape and size of the synangium. That of 
Y. oblonga measures about 5 mm. in diameter by 9 mm. in height, whereas 
that of F. subsphaerica is about 1 cm. in each dimension. The arrange- 
ment of the sporangia in Yarravia is suggestive of the medullosan fructifi- 
cation Aulacotheca, but since the latter occurs in the Middle Carboniferous 
there is no reason to suspect an intimate relationship. 

Hicklingia is a psilophyte from the middle Old Red Sandstone of 
Caithness in Scotland and is apparently related to Rhynia j although it 
is not suflSciently known to permit exact comparison. The plant pro- ^ 
duced a bushy growth of shoots from an indistinct rhizomatous base. 
The stems are naked, 1 to 2 mm. in diameter, and as much as 15 cm. long. 
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Branching iis by repeated dichotomies with occasional transitions to a 
more or less monopodial habit. Some of the branchlets bear oval, coil- 
shaped sporangia at their tips. 

Comparisons of the Rhyniaceae . — The presence of a vascular system 
in all members of the Rhyniaceae in which the tissues are preserved 
shows that these plants belong to the vascular cryptogams or Pteri- 
dophyta, and constitute the most primitive known representatives of 
this group. Of living plants, the Rhyniaceae are closest to the Psilo- 
tales, an order consisting of the two tropical and subtropical genera 
Psilotum and Tmesipieris. Roots are lacking in both of these genera, 
but the underground rhizomes are provided with nonseptate rhizoids 
much like those of Rhynia, Psilotum has no true leaves and the green, 
upright, aerial stems, always of small diameter, are dichotomously 
l)ranched. Tmesipieris bears appendages somewhat resembling leaves, 
but they are flattened laterally and merge with the stem by strong 
decurrent bases. In both genera the sporangia are borne along the 
sides of the stems, not directly upon them but upon short lateral exten- 
sions originally regarded as sporophylls but now believed to be short 
branches. Since the Psilotales have no known fossil representatives it is 
unlikely that there is a direct connection between them and the Devonian 
Rhyniaceae regardless of the rather striking morphological similarities. 
Either the two groups represent independent lines of development or 
there is a long interval in their history yet to be discovered.. 

The rhizome of Horneophyton bears some resemblance to thp proto- 
corm of certain species of Lycopodium and Phylloglossum. This^proto- 
corm is a tuberous, parenchymatous body that develops before thfe root 
and is connected to the soil by rhizoids. In some species of Lycopodium 
the protocorm becomes fairly large and during the first season of growth 
functions as the main plant body. 

The simplicity of the plant body of the Rhyniaceae receives special 
emphasis if it is compared with certain thallophytes and bryophytes. 
The low degree of organ differentiation is reminiscent of the generalized 
plant body of many Thallophyta, and except for the absence of a vascular 
system some of the higher algae have a body scarcely less complex. Some 
algae have rhizomelike basal portions which support cylindrical dichoto- 
mously forked upright stems w^hich bear tetraspores at the tips. 

Analogies between the Rhyniaceae and certain bryophytes are 
suggested by the simple leafless stems and terminal spore cases.- In 
drawing comparisons between these two groups we are limited to the 
sporophyte stages because of our complete ignorance of the gametophytes 
of any of the Psilophytales. The dome-shaped columella in the spore 
case of Horneophyton resembles the similarly situated object in the capsule 
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of Sphagnum. In Sphagnum the capsule, however, is nearly sessile on 
the gametophyte up to the moment when the sporophyte is mature, 
and it has a specialized means of dehiscence. No annulus or other 
dehiscence mechanism is known in any of the Rhyniaceae. 

Some morphologists have laid stress on the similarity between the 
tuberous rhizome of llorrieophyton and the foot at the base of the spor- 
ophyte in some species of the liverwort Anthoceros. They have endeav- 
ored to homologize the whole sporophyte of the Rhyniaceae with 
Anthoceros by interpreting the naked aerial stem portion between the 
rhizome and the spore case of the former as sterilized tissue derived 
from the lower part of a capsule of the Anthoceros type. In Anthoceros 
the sporophyte is an elongated body in which the sporogenous tissue 
extends from the base just above the foot to the tip. The sporogenous 
tissue is not continuous but is interrupted at intervals by masses of 
sterile cells. It has been suggested, but not proved, that the anc^estors 
of the Rhyniaceae were plants much like Anthoceros. From the swollen 
basal portion comparable to the foot, which at the beginning of its 
growth was in close proximity to a gametophj^te body of some kind, an 
elongated portion arose which consisted mostly of sporogenous tissue. 
Gradually the lower part above the foot became sterile, and this elongated 
still more to become the aerial stem. This contained a vas(*.ular strand 
(a structure not present in Anthoceros) which was able to carry nutrients 
to the sporogenous tissue which was elevated at some distance above the 
ground. The Anthoceros sporophyte, like that of the Rhyniaceae, bears 
chlorophyll and has stomata in the epidermis. 

It is not likely that Anthoceros and the Rhyniaceae constitute a 
direct phylogenetic series even though they are similar in some ways. 
Anthoceros, as far as we know, is a Recent genus, and there is no evidence 
of its existence during the Paleozoic. But comparisons between these 
ancient vascular plants and modern liverworts are enlightening if properly 
interpreted. They show what some of the developmental trends might 
have been during that period of the history of the earth when vascular 
plants were in their youth. Also something is revealed of the general 
architectural plan according to which plants were built before all the 
organs took shape and of what the ancestral forms of the first vascular 
plants might have been. 

The Zosterophyllaceae 

Zoster ophyllum . — Of the three species that have been assigned to 
this genus (two from the Lower Devonian and one from the Upper 
Silurian) Z. myretordanum, from the lower Old Red Sandstone of Scot- 
land, is the best known. In fact it is probably the most complete 
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Lower Devonian plant and only some of the details of the internal 
anatomy are lacking. The plant is small. The basal part consists of a 
profusely branched rhizome mass that bears sparsely branched upright 
aerial stems. The rhizomes are about 2 mm. in width and arc nearly 
constant in diameter. In the center is a vascular strand about 0.25 mm. 
in diameter that contains annular tracheids. The branching of the 
rhizome is peculiar. Some of the branches continued to grow away 
from main central axes but others grew backward in the opposite direc- 
tion, thus producing a tangled and complicated system (Fig. 3la). 
The plants apparently grew in dense tufts. The upright stems taper 
slightly and are covered by a heavy cuticle. No stomata have been 



{A) {B) 

Kicj. 31. — (..4) Zosterophyllum myretonianum. Obliquely and backwardly directed rhizome- 
like branches containing a vascular strand. {After Kidston artd Lang,) 

{B) Zosterophyllum rhenanvm. Ileconstruction. {After Krdusel and Weyland,) 

observed but in the absence of leaves it is assumed that they were present 
in the stem epidermis. The sporangia were borne in a loose spikelike 
cluster on the upper part of some of the aerial shoots. Each sporangium 
is reniform and shortly stalked. The spores, which are unknown in this 
species, escaped through a slit along the top. 

Zosterophyllum australiamim, from the Walhalla (Upper Silurian) 
series of Australia, is similar in most respects to the preceding species, 
although the only parts known are the upright fertile stalks. The 
sporangia are 3 to 8 mm. broad and are spirally disposed around the 
upper part of the stalk. Dehiscence was by a terminal slit. The spores 
are about 75 microns in diameter. Z. rhenanum is from the Lower 
Devonian of Germany, and resembles Z. myretonianum except that it 
appears to have been partly aquatic (Fig. 316), The slender flattened 
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stems of the lower parts probably grew under water, and from these 
slender stalks arose branches which bore sporangia above the surface. 

Since it occurs principally in the late Silurian and early Devonian, 
Zosterophyllum is one of the oldest members of the Psilophy tales. It 
may, however, extend into the Upper Devonian because fragments of a 
plant known as Psilophyton alcicorne, from Perry, Maine, exhibit branch- 
ing typical of Zosterophyllum. The genus agrees with other members of 
the Psilophytales in the relative simplicity of the plant body. The 
distinguishing feature is the position of the sporangia on short lateral 
shoots. 

Bucheria. — This genus, with one species, Bucheria ovaia^ was dis- 
covered a few years ago in the Lower Devonian of Beartooth l^utte, in 
northwestern Wyoming. It resembles Zosterophyllum in having slender 
stalks which bear closely set rounded bodies which are apparently 
sporangia. These lateral bodies number as many as 10, and are in two 
rows on opposite sides of the stem. Those of both rows are directed to 
one side, and are sessile and somewhat pointed distally. Most of them 
show a longitudinal median slit, which is probably a line of dehiscence. 

Zosterophyllum and Bucheria have been placed in the family Zoster- 
ophyllaceae which is distinguished from the Rhyniaceae in having the 
sporangia borne in spikelike or racemelike clusters near the upper 
extremities of the aerial shoots. The sporangia are essentially psilophy- 
tic in being strictly cauline and terminal, although they are situated 
upon short lateral shoots instead of upon the main stems. The presence 
of a line of dehiscence is also a distinguishing feature. 

The Psilophytaceae 

Psilophy ton.—TMm genus, which represents one of the most widely 
distributed of Devonian types, has been reported from several countries 
including Belgium, Canada, France, Great Britain, Norway, and the 
United States. 

The remains of Psilophyton are usually fragmentary, and great care 
is necessary in identifying them. The name has long served as a ready 
catchall for indeterminate plant fragments consisting mostly of straight 
or crooked stems which may be either branched or unbranched, but 
which cannot with good reason be assigned to any other plant group. 
Because of the loose application of the name, Psilophyton has been 
greatly overemphasized as a constituent of the Devonian, especially in 
Eastern North America, where many supposed examples really belong 
Aneurophyton, Drepanophycus, Protolepidodendron, Zosterophyllum^ or 
other genera. In North America the genus has been authentically 
identified at only a few places in Eastern Canada^^ eastern New York, 
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and Wyoming. At other places the identifications have not been 
confirmed. 

Psilophyton princeps (Fig. 32) is the best known species. It is a 
small plant, probably not more than a meter high, which grew in dense 
clumps along streams or in wet marshy soil of shallow bogs and swales. 
In the Gasp4 sandstones the stems 
often lie in one direction on the slabs 
indicating inundation by overflowing 
streams. There is no evidence that 
the plant had roots, but, like Hhyniay a 
rhizome supported the aerial shoots. 

It also appears that small hairlike 
rhizoids aided in absorption from the 
soil. All parts of the plant are small, 
and neither the rhizomes nor the aeiial 
shoots often exceeded 1 cm. in diameter. 

The aerial shoots of Psilophyton 
princeps are considerably more branched 
than those of Rhynia^ and although the 
dichotomous plan is retained through- 
out, one branch often developed as a 
central leader and became larger and 
longer than the other, which terminated 
as a side shoot. Some of the branch- 
lets are fertile, bearing at their tips 
small oval sporangia. The vegetative 
branchlets are often circinately coiled 
at the tips and resemble unfolding fern 
fronds. Covering most of the above- 
ground parts of the plant are short, 
rigid, pointed spines, which Dawson, 
in his original description, referred to 
as leaves. These spines are numerous 
on the larger stems but are sparsely 
scattered or sometimes absent from the smaller twigs. Little is known 
of the vascular system other than that it contains spiral and scalariform 
tracheids. ^ 

The sporangia are borne singly on the tips of shortly bifurcated 
branchlets and have the appearance of being produced in pairs. They 
vary somewhat in size, but usually range from 1 to 1.5 mm. in width and 
4 to 5 mm. in length. They are generally ovoid, and round at the distal 
end, but sometimes pointed. The wall appears to consist of two tissue 



Fig. 32. — Restoration of Pailophy^ 
to7i princeps: a, paired sporangia; h, 
short section of stem, natural size, 
showing spines; and c, scalariform 
tracheids of the aerial stem. {After 
Dawson.) 
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layers, although the exact structure is not distinctly visible. The spores 
range from 60 to 100 microns in diameter, have smooth walls, and were 
formed in tetrads. Since there is no segregation of spores on the basis 
of size, the plant apparently is homosporous. 

Maceration techniques have revealed something of the structure of 
the epidermis and spines, both of which have been found well preserved 
in material from Eastern Canada and Scotland. The epidermal cells are 
isodiametric or slightly elongated and in the center of each there is a 
slightly projecting papilla. The stomata "'are scattered among the 
ordinary epidermal cells of the stem surface and consist of two guard 
cells surrounding an elongated pore. It is therefore apparent that the 
photosynthetic tissue was situated in the outermost tissue of the cortex 
as in the Rhyniaceae. The spines appear to have been of the nature of 
emergences rather than leaves because there is no evidence of a vascular, 
supply within or of stomata on the surface. On exceptionally well- 
preserved material the tips appear to be slightly enlarged and to contain 
a dark substance which indicates that the spines functioned as glands. 

Although about 20 species of Psilophyton have been named, none are 
as completely preserved as P. princeps, and many probably represent 
other generic types. A few that may be mentioned arei^. Goldschmidtiii, 
from the Lower Devonian of Norway, and P. wyomingense from the 
Lower Devonian of Beartodth Butte in Wyoming. These, however, 
differ from the type species only with respec^t to minor details, and 
well-founded specific differences are generally lacking. 

Dawsonites is the name that has been applied to smooth sporangium-’ 
bearing twdgs resembling the fertile branchlets of Pailophyton^ It is 
strictly a form genus not essentially different from Psilophyton, 

The name Loganella has been given certain profusely branched com- 
pressions found in the early Devonian at Campbellton, New Brunswick. 
The stems are without spines and the sporangia are unknowm, but the 
combination of dichotomous and sympodial branching resembles that o^ 
Psilophyton more than ^hynia. 

The Asteroxylaceae 

Asteroxylon, — This genus has two species, Asieroxylon Mackiei, 
which was discovered in association with Rhynia and Horneophyton in 
the Rhynie chert, and A, elberjeldense from the Middle Devonian near 
Elberfeld, Germany. 

Asieroxylon Mackiei, the first species discovered, is a larger plant 
than either Rhynia or Horneophyton^ and it is preserved in a more frag- 
mentary condition. It has not been possible to reconstruct the plant 
with the same degree of certainty as Rhynia or Horneophyton were 
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restored because none of the stems were found in the upright position 
attached to the underground parts. Nevertheless, abundant and well- 
preserved material was found in the chert, from which it was possible to 
draw inferences concerning the habit even though actual proof was some- 
times lacking. 

The plant had a leafless dichotomously branched rhizome without 
roots or absorptive hairs, but certain of the smaller branches penetrated 
into the peaty substrate and thereby probably functioned as roots. The 
aerial stems were leafy and were connected with the rhizomes by a transi- 







Fi(i. 33 .- — Aateroxylon Mnckiei. Cross section of the aerial stern showing the stellate 
xylein strand, tin? foliar traces, and the partially disintegrated tissues of the cortex. Rest- 
ing spores of the endophytic fungi are present in the outer cortex. X 18. 

tion zone within which there were stomata in the epidermis and small 
scale leaves on the surface. The main stems, which are believed to have 
stood erect, bore lateral branches of smaller diameter. The latter 
branched by dichotomy, and dichotomous branching is occasionally 
observed in the main stems. In diameter the stems range from 1 mm. 
at the outer extremities to 1 cm, toward the base of the main axis. The 
leaves are simple structures 5 mm. or less in length and are provided 
with stomata. At the base of the stem they become smaller and inter- 
grade wi4sh the scale leaves of the transition zone. In habit the plant 
has beet compared with recent species of Lycopodium, 

The vascular system of the rhizome and its rootlike branches consists 
of a cylindrical rod of spirally thickened tracheids surrounded by phloem, 
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with no apparent distinction between protoxylem and metaxylem. In 
the aerial stem the xylem becomes stellate with four or more lobes (Fig. 
33). In this part of the plant the protoxylem is situated near the outer 
extremities of the lobes but remains slightly immersed. The metaxylem 
is made up of spiral tracheids without conjunctive parenchyma. The 
phloem surrounds the xylem as in the rhizome and fills most of the space 
in the embayments between the xylem arms. Small leaf tra(‘.es depart 
from the tips of the lobes, Avhich terminate at the bases of the leaves 
without entering them. 

The cortex of the aerial shoot is divisible into a narrow outer layer 
of tangentially extended cells and an inner layer that is sometimes 
uniform but often differentiated into three zones. The outer layer of 
the inner cortex consists of compact tissue, but the middle one is trabe(‘- 
ular, consisting of vertically radiating plates of cells separated by large 
intercellular spaces. The innermost cortex is compact and as a rule is 
not clearly demarked from the outermost tissues of the stele, although 
rarely there is a suggestion of an ill-defined endodermis. The cortical 
tissues also contain nonseptate fungous hyphae and resting spores that 
belong to the form genus Palaeomyces (Fig. 18^4). 

No fructifications have been found attached to the stems of Aster- 
oxylon Mackiei, but certain associated sporangia are believed to belong to 
them. These consist of pear-shaped sporangia about 1 mm. long attached 
to slender, leafless, branched axes. There is a line of specialized dehis- 
cence cells at the enlarged apex. The spores are all of one kind and are 
about 64 microns in diameter. 

The other species of Asieroxylon, A, elberjeldense^ is larger than A. 
Mackiei and probably grew to a height of a meter. Like A, Mdckiei, it 
has an underground rhizome and aerial shoots, but only the lower portions 
of the latter are leafy. The higher branches are spiny (like Psilophyion) 
and the uppermost ones are smooth. The shape of the xylem strand in 
the lower part of the upright stem is similar to that of A, Mackiei but it 
has a small pith which is a distinguishing feature. The protostelic 
condition prevails in the higher parts. The sporangia are borne at the 
ends of dichotomously forked twigs. They are not sufficiently preserved 
to show details of their structure. 

Asteroxylon is an important genus from the phylogenetic standpoint 
in that it shows certain developmental trends not so clearly revealed 
among the simpler members of the Psilophytales. It is more complex 
than Rhynia or HorneophytoUj but at the same time it is simpler than 
most other so-called ‘^vascular cryptogams^' both living and fossil. 
Anatomically and in habit it is suggestive of a Lycopodium^ although the 
organization of the body into leafless rhizomes and leafy aerial stems is 
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paralleled somewhat in the Recent Psilotales. The outstanding psilophy- 
talean characteristic of Asteroxylon is the rootless underground rhizome 
supporting the rather simply branched aerial shoots; and the fructi- 
fications, if correctly assigned, furnish additional evidence of psilophy- 
talean affinities. Points of advancement over the simpler psilophytes 
are the presence of leaves on the aboveground parts of the plant and a 
slightly greater degree of complexity of the vascular system. 

The Psexjdosporochxaceae 

Pseudosporochnus. — This genus, represented by one or more species, 
has been found in the Middle Devonian of Bohemia, New York, Norway, 
and Scotland. The Bohemian material is best preserved and has been 
most thoroughly investigated. The plant is different from other mem- 
bers of the Psilophytales in that it became a small tree probabl}^ 2 m. or 
more in height. A swollen base supported an upright trunk, which at 
the top split into a digitate crown of bramdies, all about the same size. 
These branches then forked freely to produce a bushy crown. The 
smallest branches are dichotomously forked, and some of them bear ter- 
minal, oval sporangia. The vegetative tips are filiform and probably 
functioned as leaves. Nothing is known of the internal anatomy of the 
plant. 

Miscellaneous Psilophytes 

There are many plant forms from the Devonian rocks that are 
evidently psilophytic but not sufficiently preserved to permit exact 
placement within the group. Most of them have the status of form 
genera. A few that deserve mention are Thursophyton^ Uostimella^ 
Ilaliseriles, Sdadophyton, and Taeniocrada, 

The name Thursophyton refers to small branched stems bearing simple, 
spirally or irregularly dispersed leaves The leaves are laterally expanded 
at the point of attachment and some of them may be spinose. The 
genus is provisional and the leafy stems probably belong for the most 
part to Asteroxylon or to primitive lycopods. 

Hostimella is a form genus to which smooth, dichotomously or sympo- 
dially branched stems may be assigned. Some of the fragments referred 
to this genus belong to Psilophyion, Asteroxylon^ and Protopteridium, 

Haliserites is the name given to certain naked, dichotomously forked 
twigs from the Low^er Devonian. Some of them are 1 cm. in diameter 
and show a central strand of scalariform tracheids Fructifications are 
unknown. It is probably not a readily distinguishable type. 

SciadophytoUf which Krausel has made the type of a separate family, 
the Sciadophytaceae, is a small plant consisting of a rosette of slender 
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^shoots attached to a central structure that anchored tlie plant to the soil. 
The shoots are rather lax, and some are forked and bear terminal enlarge- 
ments, which are probably sporangia. SciacJophyion has been found in 
the early Devonian of Germany and the Gasp^ coast in Canada. 

Taeniocrada consists of flat, ribbonlike axes, sometimes as much as a 
centimeter broad, which are much branched and possess a central vas- 
cular strand. Toward the extremities some of the branches become 
cylindrical and bear terminal sporangia. The plant was originally, 
described as an alga, but the presence of the vascular strand definitely 
removes it from this category and places it within the Psilophytales. 
The smooth stems resemble those of the llhyniaceae, but the rather pro- 
fuse branching and the small size of the fertile tips have more in common 
with the Psilophyton habit of growth. Its exact relations are uncertain. 

AIokPHOLOGICAL CONSIDiniATIONS 

Although the Psilophytales are morphologically the most primitive of 
known vascular plants, their claim to anti(|uity is challenged by certain 
very ancient lycopodiaceous typos. The Psilophytales are represented in 
the Silurian by Cooksonia^ Yarravia^ and Zosterophyllum. The con- 
temporaneous or older Baragwanathia has a more lycopodiaceous aspect. 
In the early Devonian the Psilophytales are accompanied by Drcpan- 
ophycus and Prbtolepidodendron both of which bear sporangia on the 
upper surface of sporophylls having the form of spinelike organs with a 
vascular strand. However, the affinities of many of these very early 
plants are conjectural, and it is believed that plants such as Baragwanathia 
and Drepanophycus, in which the sporangia are attached either to or 
close to leaflike structures instead of being terminal on the main stem or 
its branches, should be excluded from the Psilophytales. In delimiting 
the Psilophytales it seems advisable to follow the principle established by 
Kidston and Lang and to place emphasis on the terminal position of the 
sporangium, while at the same time not ignoring the other characteristics 
of the group, which are outlined at the beginning of the present chapter. 
However, if this principle is too rigidly applied, difficulties may arise 
with respect to certain other Devonian plants like Protopteridiumy which 
has terminal sporangia but is more fernlike in other respects. Then 
Calamophyion and Hycnia^ plants obviously early members of the 
sphenopsid complex, bear their sporangia upon short lateral stalks which 
may be the prototypes of the equisetalean sporangiophore. 

These examples of plants that api>ear more or less intermediate 
between the Psilophyliales and other groups serve all the more to stress 
the generalized character of the Psilophytales. They show evidence of 
a certain amount of divergence within the group while at the same time 
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pointing back to the more primitive members from which they all prob- 
ably developed at an earlier date. 

The evolutionary significance of the Psilophytales is mainly that they 
demonstrate some of the basic characters possessed by the oldest vascular 
stock. The outstanding one is probably the general lack of organ dif- 
ferentiation within the plant body. Then, too, the psilophytic sporan- 
gium is clearly a part of the stem. This is strongly revealed in the 
Rhyniaceae. In Zoaterophyllum, on the other hand, there is a tendency 
toward the formation of specialized sporangial branches althcmgh the 
terminal position is none the less retained. Even in Asteroxylon, where 
leaves are present, the leaves do not hear any intimate relation to the 
fructifications. 

The fact has becm stressed by authors that the Rhynie flora, upon 
which our concept of the Psilophytales is largely based, developed under 
a rather adverse environment, and that the relative simplicity of the 
plants may be an adaptation to special conditions. Such plants as 
Rhyriia and Horneophyton are obviously xerophytes since their tran- 
spiration surfaces are relatively small. The atmosphere surrounding 
them contained the sulphurous vapors discharged from fumaroles, and 
the soil in which thc^y grew was saturated with the acid waters from hot 
springs. However, it is very doubtful whether the environment can 
account for all the primitive features of the plants. It might explain 
the reduced transpiration surfaces but not the close relation between the 
sporangium and stem or the lack of roots. These latter features are 
primitive ones which have been retained from their still more ancient 
ancestral stock. 


OTHER ANCIENT VASCULAR PLANTS 

In addition to psilophytes, lycopods, and sphenopsids, the early land 
floras contained representatives of other groups, which, though often 
well preserved, are difficult to classify. A few of these will be briefly 
discussed. 

Schizopodmm , — This genus has two species, S, Davidi, from the 
Middle Devonian of Australia, and S. Mummiij from t%e Hamilton beds 
of New^ York. The only parts known are the stems. The stems are 
small, 3 to 16 mm. in diameter, and within each is a lobate stele 1 to 7 
mm. in diameter. The xylem strand resembles that of Asteroxylon, 
but at the outer extremity of each lobe is a small zone of radially aligned 
tracheids, which resemble secondary xylem. However, no cambium can 
be identified in the otherwise rather well-preserved stem outside the 
xylem, and the supposition is that this tissue resulted from radial divi- 
sions of cells in the procambium and is therefore primary in origin. The 
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protoxylem is situated just back of these masses of radially aligned (jells 
and the central part of the strand consists of irregularly disposed tracheids 
such as commonly make up metaxylem. In some stems one or more of 
the lobes may become detached from the main strand. The protoxylem 
consists of annular and scalariform tracheids, but the metaxylem and 
the radially aligned tissue to the outside contain tracheids with bordered 
pits with oblique apertures. These pits are distributed over the tangen- 
tial as well as the radial walls. The phloem forms a thin zone that 
follows the outline of the xylem, and in this respect differs from Aster- 
oxylon where it fills the bays between the lobes. The cortex consists of 
three rather distinct zones. The epidermis is not preserved. No 
leaves or leaf traces have been observed in connection with any of the 
stems. Branching is dichotomous. 

The shape of the xylem strand in Schizopodiuin suggests a relation- 
ship with Asieroxylon but it differs from this genus in the pit ted tracheids, 
the absence of leaves, and in having tissue resembling secondary wood. 
In some respects the fern genus Cladoxylon is approached except that 
the stele is much less divided. 

Barinophyton . — This strange plant of unknown affinities is rare but 
widely distributed. It occurs in the Middle and Upper Devonian and 
has been found in Eastern Canada, western New York, Maine, (lermany, 
New South Wales, and Norway. 

The best known species of Barinophyton is B. citrulliforme from the 
late Upper Devonian of New York. Only the fertile shoots are known. 
These are upright leafless stalks 20 cm. or more high and G to 7 mm. in 
diameter, which bear near the top alternately arranged, slightly flattened 
fertile branches with two rows of large, oval, appressed sporangia pre- 
sumably on the lower surface. These fertile branches are about 6 cm. 
long, and depart from the main axis at an angle of about 50 deg., but 
they appear to droop slightly, probably from the weight of the large 
sporangia. The sporangia, which measure about 5 mm. in width by 7 
mm. in length, are flattened between fleshy bracts of about the same 
size. The large smooth spores are 0.3 mm. in diameter. Judging from 
their size, they aie probably megaspores. 

The leafless stem of Barinophyton is suggestive of a psilophyte but 
the general habit and mode of branching is more indicative of a fern. 
It is possible that the plant produced separate fertile and vegetative^ 
shoots which are quite different in appearance. This seems especially 
probable from the size of the fructifications, which appear too large to be 
nourished entirely by the leafless stems on which they are borne. 

The name Pectinophyton (suggested by the comblike arrangement of 
the sporangia) has been used by European authors for material believed 
to be generically identical with Barinophyton. 
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Palaeopilys . — The nain(* Palatopilys MUleri w as given to a fragment 
of poorly preserved secondary wood discovered many years ago by the 
Scottish geologist, Hugh Miller, in the Old Red Sandstone near Cromarty 
in Northeastern Scotland. Miller believed this wood fragment to belong 
to a gymnosperm. Further search in the same locality has yielded 
additional material, one specimen of which is a decorticated stem with 
primary and secondary wood. The secondary wood is a layer about 1 cm. 
thick around a primary strand about 1.5 mm. in diameter. The second- 
ary wood contains small compactly placed tracheids and small rays. 
On the radial and tangential walls of the tracheids are as many as four 
rows of slightly oval, transversely elongated bordered pits. The primary 
xylem consists of a cylindrical core of tracheids with protoxylem masses 
near the periphery. The affinities of P. Milleri are unknown. The 
tangential pitting is a feature shared with Aneiirophyton and Schiz- 
opodium. Other anatomical features suggest an ancient and primitive 
gymnosperm or pteridosperm, but there is no positive evidence that it is 
either. 

Aneurophyton and Pjospermatopleris . — These two genera are described 
together because it is now believed that the plants to which the names 
were originally applied are identical, with A neurophyton having priority. 
A neurophyton was proposed by Krausel and Weyland in 1 923 for material 
from the Middle Devonian at Elberfeld, Germany, only a short time 
before Miss Goldring described Eospermafoptrris from rocks of similar 
age in eastern New York. 

Aneurophyton was probably a large plant. The upper part of the 
straight trunk was considerably branched, and the branches seem to 
have possessed some of the ‘characteristics of fronds, although the vas- 
cular strand in the smaller subdivisions is the same as that in the larger 
branches. The branchlets are alternately or suboppositely arranged, 
thus producing a monopodial rather than a dichotomous system (Fig. 34). 
They bear small, bifurcated foliar structures with slightly recurved tips, 
(Fig. 35B). The leaves are only a few millimeters long, are pointed, and 
lack a vascular supply. They seem to be arranged in three rows. The 
sporangia are small oval spore cases produced in loose clusters on the 
slightly recurved branch tips resembling modified foliar appendages, 
(Fig. 35A). Little is known of the spores, and the sporangia have no 
specialized means of dehiscence. 

The petrified stem of Aneiirophyton was first recognized in Germany, 
I but it has recently been found that small pyritized stems from the 
Hamilton beds of western New York, which Dawson had many years 

named Dadoxylon Hallii, also belong to Aneurophyton, The primary 
xylem is a small three-angled tracheid mass without a pith and the pro- 
toxylem is probably situated somewhere within each of the three lobes 
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Fid. .34 . — Aneurophyton sp. Large branch bearing numerous slender branchlets. Upper 
Devonian. Eastern New York. Natural size. 



Fio. 36 . — Aneurophyton germanicum, (A) Sporangia. {After Kriiusel and Weyland.) 
Enlarged. {B) Vegetative branch. {After Krdued and Weyland,) About natural aise. 
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(Fig. 36). The primary xylem is surrounded by secondary xylem made 
up of compactly placed tracheids and small, uniseriate rays. The 
tracheids bear multiseriate bordered pits on the radial and tangential 
walls, a type of distribution not common in woody stems but present in 
a few other Devonian plants. The structure of the phloem is unknown. 
The cortex contains small scattered sclerenchyma strands and just 
beneath the epidermis these strands are partly coalescent forming a 
regular layer. The largest stems observed with the cortex preserved are 
about 1 cm. in diameter but wood fragments from larger specimens 
have been found. As stated, the larger stems and smaller branches arc 
similar in structure. 



Fni. 30. Aneurophyton Hailii. Transverse section of pyritized stem showing the 
tiiree-angled primary xylem and the extensively developed secondary xylem. Tully 
pyrite, upper Middle Devonian. Erie County, New York. X 6%. 

The name Eosperynatopteris was given to casts of stumps and com- 
pressions of branch systems and fructifications found in the Hamilton 
group of Middle Devonian age near the village of Gilboa in Schoharie 
County, New York. The stump casts from this locality had been knovui 
for many years; in fact, Sir William Dawson first described them under 
the genus Psaronius believing that they belonged to tree ferns. When 
extensive quarrying operations were started in the vicinity of Gilboa 
about 1920, nearly 60 specimens of various size were uncovered, and these, 
in combination with other vegetative fragments, served as the basis for 
the well-known restoration of Eospermatopteris that has been reproduced 
in several recent textbooks. The restoration shows a tree 20 feet or 
more high with a swollen base and a crown of large drooping fernlike 
fronds surmounting the straight unbranched trunk. Some of the 
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fronds are shown bearing pairs of small oval bodies at. the tips of the 
smooth bifurcated ramifications which were interpreted at the time 
of their discovery as seeds. These bodies, which vary somewhat in size, 
average about 3 by 5.5 mm. in breadth and length, and are believed to 
have been borne within cupules or envelopes, which probably opened at 
the tip in a manner similar to the cupules of some of the pteridosperms. 
In fact, it was the close similarity between these objects and the cupulate 
seeds of the Lyginopteridaceac that caused them to bo interpreted 
originally as seeds. The restored plant is often cited as the oldest seed 
plant. 

The stump casts are large onion-shaped objects as much as 3 feet in 
diameter through the largest portion (Fig. 15), although most of them 
are smaller. The lower part is rounded but the upper portion merges 
with the trunk with varying degrees of tapering so that the lower end of 
the trunk is seldom more than one-half the diameter of the largest part 
of the stump. All the trunks were broken off 5,1^ feet or less above the 
stumps so that no extended portions were found on any of the specimens. 
In all observed instances the stumps rested in a thin bed of dark shale, 
which separated the massive sandstone layers. Attached to the stumps 
at the broadest place were the carbonized remains of slender roots, 
which radiated away in all directions. All these observations furnish 
ample evidence that the dark shale represents the original soil in whi(;h 
the trees were rooted and that the stumps were preserved in situ. The 
only remnants of preserved tissues in the stumps were strips of carbonized 
fibrous strands forming a reticulate pattern over the surface. Two 
pattern types were recognized. In Eospermatopteris textilis the arrange- 
ment is a distinct network, but in E, criauus the strands extend in a 
more or less parallel direction. It is now believed, however, that these 
tAvo patterns are merely variations of one type. With the exception of 
these fibrous strands all traces of the original tissue have disappeared, 
and the space formerly occupied has become secondarily filled Avith sand. 

Our interpretation of Eospermatopteris has become considerably 
modified as a result of later studies and there remains no doubt that 
Eospermatopteris and Aneurophyton are names for plants of the same kind. 
The difference originally proposed, and unfortunately repeated in recent 
literature, that Aneurophyton reproduced by cryptogamic methods and 
Eospermatopteris by seeds, is no longer valid. When the supposed seeds 
of Eospermatopteris were subjected to maceration, they were found to 
contain spores, which shoAvs that they were simply seed-shaped spore 
cases. Furthermore, these once supposed seeds Avere never found 
attached to vegetative organs of the type attributed to Eospermatopteris, 
The assumption, therefore, that the plant was seed-bearing is Avithout 
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the evidence necessary for proof. Moreover the identity of Eosper- 
matopteris and Aneurophyton is undoubted because of the great similarity 
of vegetative parts assigned to them. The strong resemblance between 
the branch systems of the two plants was noted immediately after they 
were described, and more recently such remains have been found widely 
distributed throughout tlie Middle and Upper Devonian strata of eastern 
New York. Also in Germany, where Aneurophyton was originally found, 
fragments of casts showing the Eospermatopieris pattern were found 
associated with Aneurophyton twigs and foliage. Then an additional 
bit of data supporting the assumed identity of the two plants under 
consideration is supplied by the occurrence in eastern New York of 
typical Aneurophyton fnictifications attached to vegetative remains 
identical with those supposedly representing Eospermatopteris. The 
only conclusion possible is that the two names designate identical plants 
neither of ^\'hich produced seexls. EospermalopleriSy however, may be 
retained as an organ genus for bulbous stumps which probably belong to 
Afieurophyton and A\diich show the characteristic reticulate surface 
pattern. 

The position of Aneurophyton in the plant kingdom is not clear 
although it is one of the most completely preserved of Devonian plants. 
According to all available evidence it. reproduced by cryptogamic methods 
but it is not definitely known whether homospory or heterospory pre- 
vailed. The ramification of the branches is suggestive of a frond although 
the similarity in anatomical structure of the larger and smaller axes and 
the lack of an abrupt transition between stem and leaf indicates the 
generalized plant body of the Psilophytales. Moreover, the sporangia 
are indicative of psilophytic origin. On the other hand, the vascular 
system with its solid, three-angled primary xylem core surrounded by 
compact secondary wood may indicate pteridospermous affinities. It 
somewhat rec'alls Stenomyelon of the calamopityean complex. Aneu- 
rophyton cannot with readiness be classified with the ferns because of the 
structure of the vascular system. It shows considerable evidence of 
psilophytic ancestor}^ but otherwise seems to be in line Avith the primitive 
pteridospermous stock, which at this time apparently had not advanced 
beyond the fern level as far as reproductive methods are concerned. 
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CHAPTER V 

THE ANCIENT LYCOPODS 


The lycopods (Lycopsida) are spore-bearing, vascular plants repre- 
sented in the recent flora by the four genera Lycopodium^ Selaginella, 
Phylloglossum, and Isoetes. All of these exc.ept the monotypic Phyl- 
loglofisum are known in the fossil state. Selaginella is the largest genus 
with almost 600 species, and it, along with Lycopodium^ is represented in 
the rocks by a series of fossil forms extending as far back as the Carboni- 
ferous. The somewhat enigmatic genus IsoeieSy placed by some authors 
in the eusporangiate ferns, has been reported from the C'retaceous and 
Tertiary, and may be related to the early Alesozoic Pleuromeia. 

All living lycopods are small plants but sonie of the extinct members 
were large trees. The group is characterized throughout by its simple 
foliage, which forms a dense covering on the branches and smaller stems, 
and in pJl except some of the very ancient forms the leaf tapers gradually 
from the base to a point at the apex. The vein of the leaf may be single 
or double, but it has never been observed to branch within the lamina 
of the leaf. The spores are borne in sporangia situated on the adaxial 
surfaces of the sporophylls, which in most species are organized into 
strobili. Some genera are homosporous but others are heterosporous. 
Anatomically the plants are primitive. The xylem cylinder may be a 
simple rod without a pith and nearly smooth on the surface, or it may 
be fluted to various depths, or dissected into several distinct strands. 
Secondary wood and pith are present in some extinct species. The 
protoxylem is exarch, and there are no leaf gaps in the primary vascular 
cylinder. The pitting in the tracheids is prevailingly scalariform. 

Because of the great age of the lycopods their development constitutes 
an important chapter in the geologic history of the plant kingdom. 
Although they are distinct from all other plant groups as far into the 
past as they can be trace<i, it is probable that they evolved out of the 
psilophytic complex during the early Paleozoic. They developed 
rapidly during the Devonian and early Carboniferous, and reached their 
developmental climax during the middle of the latter period. They 
suffered a sharp decline during the Permian, and appear in greatly 
diminished numbers in the rocks of the Mesozoic,,. 

The present chapter is concerned mainly with the lycopods of the 
Paleozoic, and for convenience in presentation the early primitive forms 
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occurring mainly in the Devonian are treated first, to be followed by a 
discussion of the more highly developed genera of the C'arboniferous. 

THE OLDEST LYCOPODS 

Most of the pre-Carboniferous lycopods are preserved as impressions 
and compressions of twigs and stems bearing on their surfaces the slightly 
enlarged bases of the leaves (Fig. 37). Often, however, they lack suf- 
ficient detail for satisfactory identification. The stems are frequently 
branched but sporangia are rarely present. Many of these obscurely 
preserved lycopodiaceous stems have been described and figured, and 
for want of suitable generic names have been assigned to the most 



iA) {B) (C) 

Fig. 37. — (.4) Drepanophycus spinaeformis. {After Krdiisel and Weyland.) About 
natural size. {B) Protolepidodendron scharyannm. Bifurcate sporophylls bearing spor- 
angia. {After Krilusel and Weyland.) X 5. {C) Protolejridodendron wahnhachense. 

{After Krdusel and Weyland.) X 

familiar Carboniferous genera, to which they generally bear only a 
vague and superficial resemblance. Some of the better preserved forms 
have, however, received special generic names. 

The oldest plant showing evidence of lycopodiaceous affinities is 
Baragwanathia longifolia, discovered a few years ago in the lower Ludlow 
beds of Silurian age in Australia. The plant has dichotomously branched 
stems that range from one to 6.6 cm. in diameter., The lax, spirally 
arranged leaves are almost 1 mm. broad and 4 cm. long, and each has 
a single vein. The reniform sporangia, which are axillary and restricted 
to certain portions of the stem, are almost 2 mm. in diameter and con- 
tain spores measuring 60 microns. Whether the sporangia are attached 
to ijfe leaves or to the stem immediately above the leaves is not clear. 
TlU^iSem strand is deeply fluted lengthwise and consists of annular 
. trabjielis. The habit of the plant is not well revealed by the fragmentary 
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nature of the remains, but there is some evidence that there was a hori- 
zontal rhizome which bore upright branches. 

In general appearance Baragwanathia must have closely resembled 
some of the herbaceous ly copods such as Lycopodium, The leaves are 
longer than in a typical Lycopodium, and they are supplied with vascular 
tissue such as is not found among the true psilophytes. The position of 
the sporangia is lycopodiaccous and not psilophytic. The outstanding 
difference between Baragwanathia and the true lycopods is that the xylem 
consists mostly or entirely of annular tracheids, a fact which is not strange 
when the gre^at age of the plant is taken into consideration. 

Drepanophycus (Fig. 37^), from the Lower and Middle Devonian of 
("anada, Germany, and Norway, was originally supposed to be a robust 
form of Psilophyton until it was found that it bore lateral sporangia, 
and that the spines scattered over the stem possess vascular strands 
and are therefore probably foliar structures. These stout falcate spines 
are mostly irregularly arranged, and are 1 or 2 cm. long. The stems are 
2 to 5 cm. in diameter. It is believed that vertical shoots, many of them 
simply forked, arose from horizontal branched rhizomes. Drepanophycus 
is identical with the genus Arihrostigma (of Dawson), but the former 
name is now used on grounds of priority. 

Drepanophycus and Baragtoanathia are similar plants differing mainly 
in that the latter has longer, more slender, and more lax leaves. The 
sporangia appear to be similarly situated in both, although the exact 
relation to leaf and stem is not absolutely clear in either. Little is 
known of the internal structure of Drepanophycus. 

Gilboaphyton is a genus based upon spiny stem compressions from the 
Middle Devonian at Gilboa, New York. The internal structure and 
fructifications are unknoAvn. The slender dichotomously branched 
stems are similar to those of Drepanophycus, the chief distinction being 
the more regular arrangement of the spines. The stems average about 
1 cm. in diameter and the spines, which are about 5 mm. long, taper 
from a broad base to a sharp point. The spines are alternately aligned 
in vertical series, and the tips are slightly incurved. 

Proiolejridodendron is a Devonian lycopod with dichotomously 
branched stems bearing small, closely set, linear leaves. In most species 
the leaves are bifurcated at the tip. The base of the leaf is enlarged to 
form a low, elongated, spindle-shaped or obovate cushion. These leaf 
bases usually appear on the compressed stem surfaces in vertical align- 
ment, and those in adjacent rows alternate with each other. When the 
leaves are preserved they are usually attached slightly above the md- 
portion of the cushion and frequently near the top. No abseissionvB|br 
was formed before the leaves were shed, and consequently no scar Wch 
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as characterizes a true Lcpidodendron was formed. The place of leaf 
attachment is usually preserved only as a small spot without any special 
markings or outline. 

The oldest species of Protolepidodendron is P. wahnbachense, (Fig. 37C), 
from the Lower Devonian of Germany. With the possible exception of 
Baragwanathia it is the oldest known lycopod. P. scharyamim (Fig. 37P), 
from the Middle Devonian of Bohemia, is the most completely known of 
the genus. It had a horizontal rhizome from whicdi there arose dichotom- 
ously branched leafy stems. No strobili were formed, but oval sporangia ' 
were borne on the upper surfaces of some of the leaves. The xylem 
strand was a solid, three-angled core of scalariform tracheids. 

Archaeosigillaria is the name for early lycopods supposed to bear 
certain characteristics of Sigillaria, although affinity with this genus is 
not necessarily implied. However, it is frecjiiently difficult to distin- 
guish between Archaeosigillaria and Protolepidodendron, and the two 
names are sometimes interchanged. Archaeosigillaria was first applied 
by Kidston to a specimen from the Upper Devonian of New York, 
which had previously been named Sigillaria Vanuxemi, and to some 
similar material from the lower Carboniferous of Great Britain. The 
smaller stems bore spirally arranged, deltoid or acuminate leaves on 
fusiform bases, but on older stems the leaf bases had become hexagonal, 
resembling the condition in certain species of Sigillaria. The surface of 
each leaf base bears a single print that represents the position of the 
vascular strand. Nothing is known of the internal anatomy or of the 
fructifications. 

Several years ago the compressed trunk of a large lycopod was dis- 
covered in the Upper Devonian Hatch shale in a creek bed near the 
village of Naples in western New York. The plant was a small tree of 
which a portion of the straight unbranched trunk about 5 mm. long was 
preserved. The specimen tapers very gradually from a diameter of 38 
cm. at the swollen base to 12 cm. at the top where it was broken off. 
Nothing is known of the terminal portion or of its method of branching. 
The trunk is covered for its entire length with oval or spindle-shaped 
leaf cushions. At the base these cushions are in vertical alignment, but 
at a distance of a meter or more above, the arrangement gradually 
changes over to a steep spiral. The trunk therefore exhibits a unique 
combination of sigillarioid and lepidodendroid characters. , The leaf 
scar is a structure of considerable interest. It is a small obovate or 
oval print rounded below and slightly cordate above, and it is situated 
just above the center of the cushion. Above the notch at the upper 
edge is a small ligule pit which is similar to that of many of the arborescent 
lycopods of the Carboniferous. The surface of the scar itself bears three 
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small prints. The central one is the leaf-trace print, and the lateral 
ones mark the position of small strands of aerating tissue that accom- 
panied the leaf trace through the outer part of the cortex. The leaves, 
a few of which remained in attachment, are not over 3 cm. long. They 
are simple-pointed, curved structures fastened to the cushions by a 
slightly broadened basal portion. 



Upper *lDevonian of eastern New York. Photo by Deats. Reduced. (R) Knorria** 
chemungensis. Stem cast of an ancient lycopod showing obscurely preserved leaf bases. 
Originally described by James Hall in Part IV of “Geology of New York,” 1843. Upper 
Devonian near Elmira, New York. About H natural size. 


Dr. David White, who described this interesting plant, assigned it to 
the genus Archaeosigillana, but the surface features of the trunk show 
rather conclusively that it is generically distinct from the material upon 
which Kidston founded the genus. It has been referred by some authors 
to Protolepidodendron but it differs from the more typical representatives 
of that genus. Probably a new genus should be established for it, but 
until the specimen is reexamined and the description is revised in the 
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light of our most recent knowledge of the ancient lycopods, it seems best 
to retain for it the name Archaeosigillaria primaeva as originally proposed. 

Lycopodiaceous stem impressions bearing alternately arranged, 
circular or somewhat rectangular leaf scars are frequently referred to 
Cyclostigma, These scars are flush with the stem surface, or slightly 
faised, but are never on definite cushions. The only other diagnostic 
markings are fine raised lines that form a network on the surface between 
the scars. Cyclostigma resembles Bothrodendrorij a relative of Lepidoden- 
dron, but differs in the absence of a ligule above the leaf scar. The best 
known species is C. ursinvm from the Upper Devonian of Bear Island. 

Colpodexylorij a new lycopod genus with two species, was found 
recently in southwestern New York. One of these, Colpodexylon Deatsii 
(Fig. 38i4), is from the Upper Devonian Delaware River flagstones, and 
the other, C, trifurcatum, is from the Bellvale sandstone of lower Middle 
Devonian age. The genus is characterized by a stem with a solid but 
deeply lobed primary xylem core and three-forked leaves that failed to 
absciss from low leaf cushions arranged in a close spiral simulating the 
appearance of a whorled condition. The three-forked leaf is unique 
among lycopods because in other members it is either simple or forked 
by a simple dichotomy. 

LYCOPODS OF THE LATE PALEOZOIC 

- Any comprehensive account of the lycopods of the late Paleozoic 
deals principally with the Lepidodendrales, of which the most important 
genera are Lepidodendron and Sigillaria. The Lepidodendrales are 
arborescent, heterosporous, ligulate lycopods in \vhich the genera are dis- 
tinguished mainly by characteristics displayed on the surface of the trunk. 
Members of the order Lycopodiales were also in existence during the 
late Paleozoic as is indicated by the less conspicuous Lycopodites and 
Selaginellites, ^ These are herbaceous types so named because of their 
general resemblance to modern species of Lycopodium and Selaginella, 

Lepidodendron and Related Genera 

Lepidodendron is one of the largest and best known of Paleozoic 
genera, and its remains are among the most abundant plant fossils found 
in the shales and sandstones of the Carboniferous coal-bearing formations. 
Judging from its prevalence, it was probably the dominant tree in many 
of the coal swamps. Because of the resistant character of the outer 
cortex the trunk surfaces are often well preserved, aiid the characteristic 
appearance renders the remains easily recognizable. 

Hie large size attained by many of the tlges js adequately revealed 
by trunks that have been uncovered in coal mines and quarries. In 
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England one trunk was reported to be 114 feet long to the lowest branches, 
and the branched part continued for at least another 20 feet. Petrified 
trunks 18 inches in diameter are known, and trunk compressions and 
casts a foot across are not rare. The upper part of the trunk branched 
by an unequal dichotomy to produce a large crown of leafy twigs. At 
the first forking of the trunk the larger of the two branches continued 
upward as the main axis, and the 
smaller one became a side branch. 

The ultimate branches, which are 
often but a fraction of an inch in 
diameter, bore simple linear or awl- 
shaped leaves. These leaves vary 
from 1 to 50 cm. or more in length 
and taper gradually to a sharp point. 

Each leaf is traversed for its full 
length by a single vein, and the 
stomata are situated in two bands on 
the lower surface. The leaves are 
arranged according to a steep spiral 
with a complex phyllotaxy. 

The base of the trunk split into 
two large rootlike organs that im- 
mediately divided again, forming four 
arms extending outward into the soil 
at approximately right angles to each 
other. These large organs grew to a 
great length and branched repeatedly. 

They bore small slender lateral ab- 
sorptive appendages arranged in an 
alternating pattern. The cones of 
Lepidodendron (Lepidostrobus) are 
elongated organs produced either at 
the tips of the slender twigs or laterally on the larger ones. 

The leaves were borne on the summit of low, nearly contiguous 
pyramidal cushions of rhombic outline, which covered the stems (Fig. 39). 
Upon abscission, a flat rhomboidal scar truncating the apex of the 
cushion remained. These cushions were persistent on the trunk surface 
throughout the life of the tree, and nearly 100 species of Lepidodendrm 
have been described on the basis of the variations in shape, size, and 
surface markings of the cushions as shown by compressions. Separating 
the cushions are narrow grooves that become mder on the older expanded 
portions of the trunk. 



Fig. 39. — Lepidodendrid leaf cushions. 
{After Zeiller.) 

{A) L. acideatum: a, vestigial spor- 
arigial scar; 6, ligule pit; c, leaf 'scar; d, 
bundle scar; c, parichnos. (B) L. 
obovatum. {C) L, Veltheimi. 
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The vertical dimension of the low pyramidal leaf cushion is greater 
than the cross diameter, a feature distinguishing Lepidodendron (Fig. 40) 
from Lepidophloios (Fig. 41) in which the cross diameter is larger. The 
outline of the cushion is slightly asymmetrical due to the slightly ol)li(iue 
alignment on the trunk. The uppermost and lowermost angles of the 
cushion are attenuated, the lower usually more so than the upper. The 



Fig. 40. — Lepidodendron dypeatum.. From the Pennsylvanian (“Sub-conjilornerate”) 
near Pittston, Pennsylvania. Natural size. 

uppermost angle extends slightly beyond the lower tip of the cushion 
next above. The flat leaf scar is usually situated slightly above the 
middle of the cushion, and it is either rhomboidal or slightly elongated 
transversely. The scar surface bears t hree nrini|S . The central one, 
usually a round dot, marks the position of the vascular strand supplying 
the leaf, and the two lateral ones are s^fSndslJf~parench5Tna (the pari- 
chni), which accompany the leafTrace througn the outer part of the cortex 
and into the lerf. On the sloping surface (rf the cushion just below the 
Soar and (mx opposite sides of the median ridge are two small but prominent 
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prints which represent the ends of internal branches of the parichni 
which came to the surface below the leaf. The median ridge separating 
the left and right faces of the inferior part of the cushion is often marked 
by a series of cross striations or notches. On the cushion surface just 
above the scar is a small round print that represents the position of the 
ligule. Lepidodendron possesses this in common with Selaginella and 
other heierosporous lycopods. The two lateral 
angles of the leaf scar are usually connected to 
the corresponding lateral angles of the cushion 
by a pair of downward curved lines that sepa- 
rate the upper and the lower faces of the 
cushion. A median line may extend from the 
upper angle of the cushion in the direction of 
the scai-j but in most forms it stops above a 
small, flat, triangular area above the ligule pit. 

'This triangular area varies in size. Sometimes 
it covers most of the cushion surface above the 
ligule, but in other instances it is very small or 
absent altogether. It has been interpreted as 
a vestigial sporangial scar. 

Some departures from the form of cushion 
just described characterize other genera. In 
LepidophloioSj mentioned above, the transverse 
diameter of the cushion exceeds the vertical 

one, and the leaf scar is below the middle line. —Lepidophioioe 

Anatomically, Lepidodendron Sbrid Lepidophloios Vaningeni. Des Moines 

are indistinguishable, and the latter is consid- s»eries. Henry County, Mis- 

, - , , „ _ soun. Natural size. 

ered by some as merely a subgenus of the 

former. There is, however, a difference in the manner in w^hich the 
cones of the tw o are borne, so the generic distinction is probably justified. 
In Bothrodendron the leaf scars are flush wdth the stem surface, no raised 
cushions being present. 

An obvious limitation in the study of fossil plants is the impossibility 
of observing the changes that take place in the plant body during 
growth. It is generally supposed that the persistent Lepidodendron leaf 
cushion enlarged as the trunk gre^v, but the extent of enlargement is 
not known. In some so-called species there are separating furrow^s 
between adjacent rows of scars, although generally the cushions are in 
such close proximity, even in the largest trunks, that separation alone 
could not have accommodated the growth of the stem. 

Careful observations of well-preserved imprints of the trunk surfaces 
of the Carboniferous lepidophytes show rather conclusively that increase 
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in size of the leaf cushions was relatively slight. Otherwise they would 
have become noticably broader in proportion to the vertical dimension 
in passing from the uppermost parts of the plant toward the base. 
Consequently it is evident that some species had small cushions and 
others large ones. Lepidodendron ophiuruSy L. lycopodwides^ and L. simile 
are examples of small-cushioned forms vith shoi t leaves gencrall}^ not 
exceeding a centimeter or two in length. Leaves arc rarely found 
attached to large-leaved forms such as L. acukatum> and L. ohovatum^ 
but one such specimen of an undetermined species from the McLeans- 
boro formation of Illinois has cushions about 3 cm. long to which are 
attached large leaves about a centimeter broad and at least 50 cm. long. 
The stem compression is about 10 cm. wide. Specimens of this kind 
furnish rather conclusive evidence that the large leaf cushion was not a 
structure that developed after the fall of the leaves but rather that it 
had reached its approximate ultimate size by the time the leaf was fully 
formed. 

Although Lepidodendron leaves are usually regarded as small organs 
(Scott gives 6 or 7 inches as the maximum), it is cpiite likely that many 
of the undetermined linear compressions that are frecjuently observed 
but otherwise ignored are large lycopodiaceous leaves. The foliage- 
bearing twigs of the small-leaved species are more readily preserved, and 
these have given a somewhat erroneous idea of leaf size among the 
arborescent Paleozoic^l vcopods. 

It is possible that the very long leaves of the type mentioned above 
grew by means of meristematic tissues located at the basal part just 
above the point of attachment, but there is no actual evidence in support 
of this possibility. 

Sandstone and shale slabs bearing the cushion patterns of Lepidoden- 
dron and other fossil lycopods are often gathered by amateur collectors 
who mistake them for fish, lizards, or snakes. 

The names BergeriOj Aspidiaria, and Knorria have been applied to 
lepidodendroid stems in various states of preservation. When the epider- 
mis is lost, the characteristic appearance of the stem is altered. Such 
stems have been assigned to Bergeria, If decay has gone deeper, the 
Aspidiaria condition is produced. If all the tissue surrounding the xylem 
core has been removed, leaving only a shallowly fluted column, the speci- 
men is known as Knorria. These, of course, are not true genera, or 
even good form genera, because they may all be represented by the same 
species, and are useful only for descriptive purposes, or, as Scott has 
pertinently remarked, they ‘^are of botanical interest only insofar as they 
illustrate the difficulties of the subject. ^ 
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Zlodendron is a stem having lepidodendroid leaf scars and two rows 
of large roundish depressions alternately arranged in vertical series on 
opposite sides of the stem. In the depression is a small stump that 
probably represents the stalk or axis of a lateral appendage, such as a 
branch or cone. Bothrodendron punctatum is often found in the Uloden- 
dron condition. 

Ilalonia differs from Vlodendron in having raised instead of depressed 
scars. These, however, often show a spiral rather than a vertical 
sequence. The Ilalonia type characterizes some species of Lepidophloios, 

Leaves and cones are sometimes found attached to the smaller 
branches. The leaves of Lepidodendron were probably retained on the 
tree for several seasons and there is no evidence of periodic shedding. 
The characteristic appearance of the trunk is due to the persistence of 
the leaf cushions. Although a thick layer of secondary periderm was 
formed within the outer cortex in most species, it was not exfoliated as 
in most modern trees but persisted as a permanent tissue. 

Anatomy . — As a result of the abundance of Lepidodendron and 
L epidop hloios in coal-balls and other petiif actions, the anatomy of these 
two genera is well known. In only a few instances, however, have 
anatomically preserved stems been found with their outer surfaces intact, 
with the result that different specific names have been applied to the 
same stems preserved in different ways. 

A number of petrified Lepidodendra have been described from Europe, 
but from North America only three or four have been reported. Ana- 
tomically, the stems are (‘omparatively simple, a fact in accord with the 
position of the lycopods in the plant kingdom. The essential features 
may be summarized as follows: 

1. All forms agree in the possession of a single, unbroken vascu- 
lar cylinder. The primary xylem is a continuous tissue of scalari- 
form tracheids. The protoxylem is exarch, and the development was 
centripetal. 

2. A pith may or may not be present. If present, it apparently 
represents undifferentiated primary xylem. Some forms have a pith in 
the main stem but not in the small branches. 

3. Secondary xylem is present in some stems. If present, it always 
forms a continuous sheath of scalariform tracheids and rays around the 
primary part. |ln no known instance does the entire xylem cylinder 
greatly exceed 10 cm. in diameter. ^ No growth rings or other evidence 
of seasonal activity are manifest. | 

4. The cortex is thick and consists of three layem. The inner cortex 
is thin but often preserved. The middle layer has usually disappeared 





iB) 

Fig. 42. — Lepidodendron Johnsonii. {A) Cross section of a portion of the vascular 
cylinder allowing the narrow primary xylem layer and the extensively developed secondary 
xylem cylinder. X 3, (B) Scalariform tracheids of the primary xylem. X 70. 


Previous to the rather recent discovery of two new species of Lep- 
idodendron in North America, our knowledge of the anatomy of the 
genus had been based almost entirely upon European material. One of 
the new American species is Lepidodendron Johnsonii (Fig. 42), from the 
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lower Pennsylvanian of Colorado. With the exception of a fe\A details 
only, the Colorado species is as well understood as any foreign form, 
and it serves very satisfactorily as a basis for an understanding of the 
anatomy of the trunks of the genus. 

None of the trunks of Leyidod endron Johnsorm were found complete, 
hut judging from numerous well-preserved fragments, many of large 
size, the trunks must have attained a diameter of more than 0 5 m. In 
the center of the stem there is a large pith 3 or 4 cm. across, which is 
encircled by a cylinder of primarj^ xylem 1 to 5 mm. thick. The tracheids 
next the pith are aliout 0 2 mm. in radial diameter, but diminish ver}'^ 
gradually in size toward the outside. Just inside the outer surface 
they become considerably smaller. The tracheids are scalariform with 
elongated slitlike openings extending across the walls (Fig 42/?). The 
outer surface of the cylinder is ornamented with low protoxylem ribs i 
from which the leaf traces depart In cross section these ribs appear 
as small blunt outwardly projecting points resembling the teeth of a 
cogwheel. This toothed zone is called the ^Vorona.'^ The protoxylem 
consists ot groups of very small tracheids at the points of the corona teeth. 

Surrounding the primary xylem is a layer of secondary wood_3 cm 
or more in thickness. TEescalariform tracheids are arranged in regular 
radial series, indicating their origin from a cambium. The secondary 
xylem resembles the primary xylem except for the arrangement and 
slightly smaller size of the cells, and the presence of small rays. These 
rays range from 1 to 20 cells in height although most of them are less 
than 10. The ray cells are small and contain scalariform secondary wall 
thickenings similar to those of the ordinary tracheids. 

The leaf traces leave the primary cylinder at a steep angle, but they 
soon bend outward and traverse the secondary xylem horizontally. In 
a tangential section the traces appear as spindle-shaped vascular bundles 
about equal in width to two tracheids. These traces continue outward 
through the phloem, cortex, and periderm, but because of poor preserva- 
tion of the tissues immediately around the xylem their course cannot be 
followed satisfactorily through these tissues. 

Because of its small size in proportion to the size of the trunk, the 
xylem cylinder must have served only for conduction, and most of the 
function of support was taken over by the thick layer of woody periderai 
around the outside. The plant is, therefore, an excellent example of 
physiologic specialization. Judging from the size and structure of the 
tracheids, the xylem must have been a relatively soft tissue that grew 
rapidly. « 

Nothing is known of the structure of the tissues between the xylem 
and the secondary periderm. The intervening space, about 8 cm. in 
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extent, contained thin-walled cells which have disappeared, with the 
result that the central cylinder of each trunk can no longer be observed 
in its original position. Often pieces of several cylinders may be found 
within the large mineral- and debris-filled space surrounded by the peri- 
derm shell. Of course in Lepidodendron there was never more than on(‘ 
central cylinder within a tmnk; the extra ones either floated into the 
empty cavities through the opening at the top, or the cylinder broke 
from its own weight into pieces after it was left unsupported by decay 
of the surrounding tissues. Similarly preserved trunks o(*cur on the 
island of Arran on the west coast of Scotland. 

The periderm of Lepidodendron Johnsonii is remarkable for its com- 
plexity. The thickness probably reached 20 cm., the most of all 
known Paleozoic ly copods. The tough tissue is composed of radially 
seriated cells arranged somewhat as in secondary vood. The cells are ol 
three kinds, fibers, “chambered” cells, and secretory cells. The fibers 
are thick walled and vertically elongated, with transverse ends as seen in 
radial section, but pointed in tangential view. The “(‘hambered” cells, 
which are located mostly in the inner part of the i)eriderm, fit together 
in radial rows of a dozen to thirty. They are laterally enlarged cc^lls 
with their flat tangential faces adjacent. The “chambered” cell rows 
are broadest in the mid-portion but diminish toward either end. These 
“chambered” cells are so named because some are divided by transverse 
septa. They have rounded or tapering ends. The secretory cells are 
arranged in glands, which occur as slightly wavy tangential bands in 
transverse section. These bands resemble growth layers when seen with 
the naked eye, but whether they have any seasonal relation is unknown. 
They probably secreted the waxy material which covered the surface of 
the trunk, and which is responsible for the frequent excellent preservation 
of Lepidodendro7i remains. 

The leaf cushions and fructifications of Lepidodendron Johmonii are 
unknown, although impressions of the Lepidophloios type are found 
intimately associated with the silicified trunks. 

Leyi dovhloios Wunschianus, from the Low er C a rbonife rous of Arran, 
Scotland, is similar to Lepidodendron Johnsonii as pertains to the struc- 
ture of the main trunk. Its smaller bran(*hes are without pith or second- 
ary wood. It has been possible to study the structure of the stele at 
different levels in the main trunk. N ear the base of the tree, the primar y 
xylem is a solid core surrounded by t hick sef oncla^ wo od. At highe r 
l eveK, ihe^'pmnaiw w ooiTcylinder becomes larger and a central pi th 
appears . The secondary wood, however, maintain s a fairly. 
tEicESes^ These lac?^^ that the plant was protostelic when 
young Bu? became medullated as it increased in height. 
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Also similar to Leptdodcndron Johnsorm is the Upper Carboniterous 
species, Leptdophloios Harcovrtii, which was formerly confused wdth L. 
Wunschianus. The stem has a large pith, and the corona consists of 
rather prominent protoxylem points Most of the material assigned to 
this species lacks secondary wood. Lf^pidodendron hrcmfohvm, another 
lower Carboniferous spe(*ies, differs from L Johnsonii in the absence of 
a definite corona 

One of the best kno\^n species of Lepidodendron is the Up per Ca r- 
bo nifero u ^Z/ vascular^ (Fig 43). This foim has a solid primary cylinder 
although in the center the tracheids are mixed with parenchyma. These 
central tracheids are short cells with reticulate thickenings in the trans- 
verse end walls, a character said to be distinctive of the species Second- 



ly lo 43 — Lipidodindron vabcufnn {L, selaginoidih) Complete stem bho wing the VAfecular 
cyhndei and the thiek eoitex Coal Measuies Laneabhire, England X 

ary wood may or may not be present in snmll twigs^^jind sorne times it 
forms"a^resc»ent only partly ^ frbuhdm g"t^ pr imary corn. *' A consider- 
ablOmouiffc oT secondary periderm w'as formed In transverse sections 
the 'pai^ni!h3mrratous strips of tissue through w hich the leaf traces trav- 
ersed the cortex and periderm are conspicuous features. 

The tissues betw^een the stele and the preserved portion of the cortex 
in Lepidodendron are not well knowm because preservation within this 
part of the stem is seldom good. The phloem, where preserved, is 
extremely simple and small in amount, much resembling that of recent 
lycopods. A pericycle and an endodermis consisting of a layer of 
radially elongated cells have been observed in L. vasculare. 

A second American species of Lepidodendron to be described in detail 
is L* scleroticumy from Coal No. 6 of the Carbondale formation of the 
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middle Pennsylvanian of Illinois. In bold contrast to the large stems of L 
Johnsoniii all the specimens of L. sc leroiicum are small, probably repre- 
senting the twigs and ultimate branches of a larger plant. In the smallest 
twigs, having an over-all diameter of 3 to 10 mm , there is no central pith, 
the vascular core being protostelic. Branches with these small solid 
steles exhibit no secondary development. In slightly larger stems the 
protostele develops a parenchymatous interior, and when the stem 
excee3s~22 mm. secondary wood appears and the pith is well developed. 
The distinctive feature of Lcpidodcndron is the piesence in 

the middle cortex of nests of sclerotic cells se'parated by the pai(mchyma 



{A) (B) 

Fig 44 — (A) Idealized traiis\ei‘>e bettioiiof a spoiophvll and opoianfciuiu of Leptdo- 
strobus cut tangential to the cone a, pedicel, h, \astiilai bundle, c, bpoiangiuin wall, d, 
nutritive tissue m spoiangium cavity, (, spore cavitv Enlarged {B) Idealized longi- 
tudinal section of a portion of Lepidostrohus showing ? elation of spoioph\lls to axis, and 
the two kinds of sporangia with then spores a, rone axis, h pedicel, c, \asculai bundle, d, 
ligule; c, terminal bract,/, heel, g, mici osporangium , h, inegaspoiangium Enlaiged 

accompanying th^ leaf traces. Such structures had never been previously 
reported for any species of Lepidodendron 

The outer periderm layer arose from a phellogen situated at a depth 
'of 5 to 10 cells beneath the stem surface. The activity of this phellogen 
was different from that of modern trees in that it produced more tissue 
toward the inside (phelloderm) than to the outside (phellem). The leaf 
bases have the form of those of Lepidodendron Volkmannianum, 

Fructifications, — The fructifications borne by the majority of the 
Paleozoic lepidodendrids belong to the organ genera Lepidostrobus and 
Lepidocarpon, Although ordinarily found detached, it is not infrequent 
that specimens are found in organic connection with leafy stems, and as 
a result we are supplied with more details concerning the fructifications 
of Lepidodendron and Lepidophloios than with most groups of fos^l 
idants.^ 
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Lepidostrobvs is an elliptical or cylindrical organ varying up to 6 cm. 
or more in diameter, and from 3 to 30 cm. or more in length. The cones 
usually taper slightly at the apex and base. Some were borne on short 
naked or scaly peduncles and others were sessile. 

The general structural features of Lepidostrobus may be summarized 
as follows: The central axis bears closely placed spirally arranged or 
vvhorled sporophylls. The structure of the axis is similar to that of a 
young stem. The sporophyll is peltate, with the upper terminal lobe 
overlapping the sporophyll above (Fig. 44B). Each sporophyll bears a 
single saclike sporangium attached by its full length to the upper surface. 
Beyond the sporangium on the sporophyll is a ligule. All known specaes 
are heterosporous. 

Tn structural plan the numerous species of Lepidostrobus are almost 
identical throughout the group, the specific differences having to do 
mostly with relative size and proportion of the parts. 

The spirally arranged or verticillate sporophylls stand out from the 
axis at approximately right angles to it, or they may be deflected slightly 
downward because of crowding and the weight of the large sporangia. 
The horizontal stimtate portion bears the sporangium on the upper sur- 
faxre. The stipe ^rminates in a leaflike lamina or bract that turns 
upward, overlapping several sporophylls above. The length of this 
terminal bract differs in different species. In some it is longer than the 
stipitate portion. There is also a shorter downward prolongation of the 
lamina known as the *^heel,’^ which is completely covered by the lamina 
of the sporophyll below. Traversing the length of the sporophyll is a 
single vascular strand that arises from the protoxylem region of the cone 
axis. 

The sporangium is a large saclikc structure which is considerably 
wider than the sporophyll upon which it is borne (Fig. 44A). The wall 
consists of a single layer of prismatic cells. Extending upward into the 
spore cavity from the base are radiating flaps of tissue, the trabeculae, 
w^hich served to nourish the developing spores. At the forward end of 
the stipe just beyond the sporangium is the ligule. This structure is 
constantly associated with heterosporous lycopods, both living and fossil. 

Heterospory seems to have prevailed among all species of Lepidos- 
trobus, Although homospory has been reported in one notable instance 
(L. Coulteri), no conclusive evidence w^as produced showing that another 
kind of spore was not present either in an unpreserved portion of the 
cone or in separate cones borne by the same plant. 

The existence of homosporous lycopsids in the Carboniferous is 
proved, however, by an interesting fructification named Spencerites 
from the Coal Measures of Great Britain. In S. insignis ttie cones are 
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rather small, only 8 to 10 mm. in diameter, and the axis bears spirally 
arranged or whorled sporophylls (juite similar to those of Le'pidostrohus. 
The chief structural difference lies in the fact that the ovoid or spherical 
sporangia are not attached to the surface of the pedicel, but rather by a 
short stalk at the distal end to the fleshy base of the upturned lamina. 
The spores, which are surrounded by a broad equatorial wing, measure 
about 140 microns in diameter exclusive of the wing, and are thus inter- 
mediate in size between microspores and megaspores. No ligule has 
been observed. 

In Lcpidostrolms cones with both kinds of spores preserved, the 
microsporangia are borne in the upper part of ihe cone and the megas- 
porangia in the lower part The minute mi(u*ospores are usually less 



(A) {B) 

Fig. 45. — Isolated lycopodiaeeous spores. {A) Lejndostrohns brnidwoodensis, Car- 
bondale group of Illirioia. X 25. (B) Bothrodendron mundum, Sertion of mogaspore 

bearing spiny api:>eiidages. Lower Yorkian of Great Britain. X 25. 


than 50 microns in diameter and several hundred are formed within a 
single sporangium. The megaspores by contrast are large, ranging from 
300 microns to 3 mm. or more in diameter, and the number per sporangium 
is distinctly limited. In L. Veltheimianas the number of megaspores 
varies from 8 to 16, and in L. foliaceus there appear to be but 4. Four 
megaspores have also been found in cones attached to stems of Both- 
rodendron. A significant trend in spore development is shown by L. 
braidwoodensts in which the megasporangium contains but one large 
mature megaspore (Fig. 45A). This spore, which slightly exceeds 2 mm. 
in diameter, is accompanied by the three dwarfed members of the original 
tetrad. This type of spore development is believed to represent a 
transitional stage in the evolution of the Paleozoic lycopod fructification 
from the free-sporing habit of the typical Lepidosfrobus to the Lepidocar- 
pon type in which the single megaspore is retained within a fruitlike or 
seedlike organ. , 
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The female gametophyte developed within the wall of the megaspore 
in Lepidostrobus in a manner quite similar to that of Selaginella. 

The megaspores of the Paleozoic Lycopsida are of considerable 
interest, (1) for purely morphological reasons, and (2) for their possible 
use in the correlation of coal seams. They display considerable variety 
in form, and their heavily cutinized exines are frequently ornamented 
with elaborate appendages (Figs. 7.4 ,/i, and 45). With the aid of an 
ordinary simple lens these spores can frequently be seen in bituminous 
coal as small compressed yellowish or amber-colored bodies, and in thin 
sections of coal they often appear in thin bands parallel to the bedding 
plane. By macerating the coal with Schulze’s reagent or dilute nitric 
acid they can frequently be removed in large numbers. Macerated coal 
is prot^ably more useful than thin sections in studying spores because by 
this method they can be separated completely from the matrix and their 
surface features observed. 

Isolated megaspores of the type produced by the Paleozoic Lycopodi- 
ales and Tx^pidodendrales are usually assigned to the form genus 7'riletes, 
a name proposed by Reinsch in 1884. Although the accurately drawn 
figures show conclusively that Reinsch was dealing with ly copod meg- 
aspores, he was mistaken concerning their nature. He thought they 
were algal organisms and that the long appendages were parasites. As 
Reinsch used the term TrileteSj it is applicable to more or less triangular, 
sernielliptic or circular bodies, usually compressed, with the surface 
variously ornamented, and with three converging ridges. In modern 
terminology, the triradiate ridge distinguishes this type of spore from 
the Monoletes type, which shows but a single mark. 

Several attempts have been made to classify lepidodendrid megaspores 
on the basis of size, shape, and surface ornamentation. Classification of 
fossil spores of aii}^ kind, however, is confusing because of considerable 
lack of agreement concerning the taxonomic status of the numerous 
groups or divisions instituted by authors for the reception of the various 
kinds. Authors have not always explicitly stated whether they intend 
newly proposed names as taxonomic categories that are subject to the 
rules of priority or merely as descriptive terms. The most generally 
followed system of classification is that proposed by Bennie and Kidston 
in 1886. These authors created three divisions of Reinsch^s genus 
Triletes, Division I, Laevigati, embraces spores which have a smooth 
surface or very fine granulations and which are similar to those of Sel- 
agineUa Martensii. The triradiate ridge is prominent and the lines 
divide the central portion of the spore into three flattened or depressed 
areas. Triletes Reinschi is a widely distributed type that has been 
reported from Scotland, Poland, the Ruhr Basin, and Illinois. In 
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Division II, Apiculati the outer surface of the spore wall bears 
mamillate spines. The spores are comparable to those of Selaginella 
haematodes or Isoeies echinospora. An excellent example of this division 
is Triletes mamillarius, found in the Carboniferous coal pebbles in the 
glacial drift at Ann Arbor, Michigan. Division III, Zonales (Fig. 7B), 
includes spores bearing long appendages around the equatorial zone. 
These appendages form an irregularly reticulated system which produces 
a winglike expanse of varying extent and which probably facilitated 
dispersal by the wind. These appendages were thought by Reinsch to 
be parasites attached to the central body. Sometimes they arc nearly 
as long as the diameter of the spore body itself. The spore body is 
roundish-triangular, and the lines of the triradiate ridge extend to the 
equatorial zone. The spore is comparable in some respects to that of 
Selaginella caulescens. Examples are Triletes rotatus and T. superhus, 
both from the Carboniferous coal pebbles at Ann Arbor, Michigan, and 
T. triangulatus from Illinois, Germany, Poland, and Scotland. 

The fourth spore category described by Bennie and Kidston is the 
group Lagenicula (Fig. 4:5 A), in which the oval or rounded spore has a 
necklike projection which is lobed into three subtriangular segments. 
The surface of *the spore is smooth or covered with bristlelike hairs or 
spines. Taxonomically the group is handled differently by authors. 
Some employ Lagenicula as a generic name and others use it as a section 
or subgenus under Triletes, In plants that produced the Lagenicula tj^pe 
of megaspore one tetrad only developed within the megasporangium, and 
from this one spore only matured at the expense of the other three. The 
three aborted members of the tetrad are present as objects having mu(*li 
smaller diameters than the fully developed spore. 

The classification scheme which Bennie and Kidston proposed is 
admittedly artificial, as indeed must any classification be which treats 
detached and isolated parts which cannot always be referred to the plant 
which bore them. Not until a large number of spore forms are found 
definitely associated with the reproductive organs will it be possible to 
classify spores into natural groups. Some recent authors have attempted 
to arrange spore.s into more natural groupings on the basis of size, extent 
of triradiate ridge, and general shape of the spore body. 

Within recent years a large body of literature on the taxonomy of 
isolated spore types and their use in stratigraphic correlation has devel- 
oped. Probably the most thorough work in this field is that of Zemdt 
on spores of the Carboniferous of Poland. In Germany similar investi- 
gations have been carried out by Potonifi, Loose, Wicher, and others, and 
in the United States by several individuals including Schopf and Bartlett. 
In Great Britain considerable attention has been given the correlative 
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value of microspores. Among these investigators widely differing 
practices have been followed with respect to spore classification and 
nomenclature. The literature is too extensive and the whole problem 
too involved to lend itself to brief summarization, and the individual 
papers should be consulted by anyone desiring information on this 
specialized subject. 

Lepidocarpon (Figs 40 and 47) is a striking example of the high 
degree of development attained by the Paleozoic lycopods at the climax 
of their development. The name is applied to strobili similar in their 



Fig. 46. — Lepidocarpon sp. Cross section of the inegasporophyll and “seed a, 
pedicel; b, inegasporangium; c, protective portion of megasporophyll (“integument’); 
d, megaspore with prothallial tissue; and e, micropyle. Pennsylvanian. Indiana. X 7j^. 

general plan of organization to Lepidostrobus in that the central ajds 
bears spirally arranged peltate sporophylls, each of which bears a single 
elongated sporangium attached by its full length on the upper surface. 
Within the megasporangium only one megaspore tetrad developed, and 
in most cases it is evident that a single megaspore matured at the expense 
of the others. The mature megaspore is large and is elongated to cor- 
respond somewhat to the size and shape of the sporangium. At maturity 
the megaspore was retained within the megasporangium, in contrast to 
the freesporing condition in Lepidostrobus^ and the entire structure con- 
sisting of sporangium and spore was enclosed by lateral outgrowths of 
the pedicellate portion of the sporophyll. The encl(»3ure was complete 
except for a narrow, slitlike opening along the top. -At maturity the 
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sporophyll and sporangium with its megaspore and contained female 
gametophyte was shed as a unit. The female gametophyte is made up 
of thin-walled cells, and aside from being enclosed, the structure closely 
resembles the gametophyte of certain species of Lycopodium. Arche- 
gonia were formed in the upper part near the micropylar slit. 

Lcpidocarpon possesses considerable evolutionary significance in 
showing that some Paleozoic lycopods had evolved to the point of seed 
production. The resemblances to a seed are obvious, the main one 
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Fig. 47 . — Lepidocarpon ioense. Longitudinal section. {After Hoskins end ("mss.) 

Enlarged. 


being the retention of the female gametophyte and megaspore within 
the megasporangium and the protection of the whole structure by an 
integumentlike outgrowth of the sporophyll (Fig. 48). Moreover, the 
microspores gained access to the female gametophyte through a micropy- 
lar opening. However, the organ differs in several respects from modern 
seeds. In the first place, the so-called ‘Untegumenf is an outgrowth 
of the sporophyll rather than an ovule, so that in this respect the organ 
is more nearly analagous to a fruit. In Lepidocarpon no true integument, 
nucellus, or ovule exists. Then also, the micropyle is a' narrow slit 
instead of a circular opening. Lastly, no embryo has been found, a 
feature shared with other Paleozoic seeds. ^ The best reason for regard- 


^ Darrah (jlaims to have found embryos in cordaitcan seeds in coal-balls from 
Iowa, but without figures or a more detailed account the report is hardly credible. 
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the Lepidocarpon fructifieatioii as a see<l is that it functioned as 
such. The sporophyll outgrowths protected the megasporangium and 
megaspore, thereby permitting the latter to store a large supply of food, 
and also provided a receptacle for the microspores which facilitated 
fertilization. 

The microspores of Lepidocarpon apparently were borne in strobili of 
the Lepidostrohus type, of which the identity was long a matter of doubt. 
Quite recently, however, small spores found within the sporangial cavity 
of Lepidocarpon maqriificvm appear identical with spores present in 



Fio. 48. — Diagrams showing the resemblances and differences between an angio- 
spermous pistil and a lepido(!arp. (*4) Generalized longitudinal representation of pistil 
(ovary wall coarsely stippled) containing a single orthotropous ovule (finely stippled) with 
micropyle (w) and double integument. Within is the matuie megaspore containing 
gametophytic tissue (cross hatched^. {B) Lepidocarp consisting of megasporophyll 
(coarsely stippled) of which the lateral margins form a protective covering around the 
megasporangium (finely stippled) but leaving a micropylar opening (m) along the top. The 
niegasporangium liears a single megaspore which contains gametoxdiytic tissue (cross 
hatched). 


strobili resembling Lepidostrohus CotiUeri. These spores are about 2() 
microns in diameter and were produced in large numbers. 

Lepidocarpon fructifications have not been found attached to the 
vegetative parts of the plants on which they were borne, but it is believed 
that they belong to some of the species of Lepidodendron or related genera. 
In the compression state it is difficult to distinguish Lepidocarpon from 
Lepidostrohus, and it is probable that many so-called Lepidostrohi are 
lepidocarps. In Lepidocarpon mazonensis, a species recently described 
from Illinois, the terminal bract of the sporophyll is about three times as 
long as the horizontal portion that supports the sporangium, and in the 
detached state the sporophyll would closely resemble such forms as 
Lepidostrobophyllum majus or L. missouriensis. 
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The first species of Lepidocarpon to be described was L. Lomaxi from 
the Lower Coal Measures of England. Before Scott observed the fruits 
attached to the cone axis, thus proving their lycopodiaceous affinities, 
petrified specimens had been described as Cardiocarpoa anomalum. 
Another well-known form is L. Wildianurrij from the Lower Carboniferous 
Calciferous Sandstone at Pettyeur, in Scotland. It diffeVs from L. 
Lomckxi only with respect to minor details. In 1931, Noe reported 
Lepidocarpon in coal-balls from Illinois, and since then it has been found 
in considerable abundance in the middle Pennsylvanian of Illinois and 
Iowa. 

The name Cystosporites has been proposed for large, isolated, saclike 
spores believed to belong to Lepidocarpon. These spores are roundish or 
elongated and may attain a length of 10 mm. or more. They w^ere pro- 
duced from tetrads of which one member only reached maturity The 
thin unornamented wall is of peculiar construction. Instead of appearing 
granular, as in the case of most spores, it is made up of loosely matted 
anastomosing fibers, wdiich probably served to facilitate the transfer of 
food from the outside to the developing gametophyte. 

In Miadesmia the seedlike habit is further approached in that the 
megasporophyll forms a complete roof over the megasporangium, leaving 
only a small micropyle at the distal end. The sporangial \vall is less 
developed than in Lepidocarpon, and in other respects the fructification 
is decidedly more seedlike. It is essentially lycopodiaceous, however, as 
the ‘^integument” is derived from the sporophyll. The broad terminal 
lamina probably aided in dispersal. 

SiGILLARIA 

This genus, the “seal tree,” so named because of the appearance of 
the trunk sujrface, ranks next to the lepidodendrids in importance among 
the Paleozoic lycopods. Like Lepidodendron, it is arborescent, although 
usually less profusely branched. In some forms the trunk w^as short and 
thick. Sigillaria reniformis, for example, had a trunk 6 feet in diameter 
at the base, but tapered to 1 foot at a height of 18 feet. In other species 
the stem was tall and slender. 

As in Lepidodendron, the leaf scars were persistent, and numerous 
species have been described, the variations showm on imprints and 
compressions of the trunks being used as a basis for separation. Sig- 
iUoria is usually recognized by the vertical arrangemen t of t he sca rs, as 
contrasted with the steep spiral sequence in Lepid^devMron, TKe leaf 
soars themselves are similar to those of Lepidodendron, although the 
cushion less prominently raised and in many forms is apparently 
absent. The species of SigillariOf have been separated into two groups, 
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the Eu-Sigillariae, with ribbed stems (Fig. 49ii), and the Sub^Sigillariae 
(Fig. 49fi), without ribs. In former times the presence or absence of 
ribs was supposed to possess considerable taxonomic importance within 
the genus, but we know now that the two surface patterns occasionally 
merge and become inseparable on a single trunk. In general, however, 
the distinction holds. 

Partial destruction of the outermost tissues of sigillarian stems often 
produces changes that are similar to those brought about in Lepidoden- 
dron. One very characteristic form is Syringodendron (Fig. 50) in which 



U) {B) 

Fig. 49. — {A) SigHlaria scutdlata. {Eusigillaria.) Saginaw group, Lower Pennsyl- 
vanian. Michigan. (B) Sigillaria ichthyolepU {Sub-SigUlaria), Western Pennsylvania. 
Natural size. 


the leaf scar has disappeared leaving the large and conspicuous pair of 
parichnos prints. The vascular bundle scar is usually invisibly In 
Eu-Sigillariae the ribs remain, but corresponding conditions in the Suh- 
Sigillariae lack them. The Syringodendron appearance is sometimes 
produced at the bases of large trunks where excessive growth has dbliter- 
ated the leaf scars. 

In the Eu-Sigillariae, the ribbed forms, the furrows between ^e ribs 
may be straight, with the ribs broader than the leaf scars {RhyUdolepis 
type), or the furrows may be zigzag {Favidaria type) with a mailed 
transverse furrow between scars on the same rib. Examples of the 
former are SigiUaria ovata, S. mamillaris, and S. ectUeUcda (Fig. 494.). 
<S. elegam is an example of the F aouhria type. 
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The Sub-Sigillariae are divided into the Clathraria and Leiodermaria 
types. Clathrana resembles Faoulana to a great extent in that the low 
cushions are close together so that the oblique alignment is more pro- 
nounced than the vertical one. It has some resemblance io Lcpidophlotos. 
Sigillana ichlhyolvpis (Fig. [9B) is a familiar example. In Lnodermana 
there are no raised cushions, and the scars are veil separated by the sur- 
face of the epidermis, as in Holhrodcndron. F. Brardi is usually cited as 

an example, although it frequently 
merges with Clathrana. 

Sigillarian leaves, known S7giU 
lanophyllum when detached, are long 
grasslike organs similar to Lipido- 
phyllum. In some, the vascular bun- 
dle is double as in the needles of cer- 
tain conifers. The leaf margin is 
enrolled with the stomata in furrows 
on the hnver surtace. Lining these 
1 arrows are multicellular epidermal 
liairs, which obviously aided in reduc- 
ing transpiration. 

Anatomy.— Petrified Sigillanaej Lre 
rare, and only one specimen has been 
reported from North Amcri(‘a. The 
stem is constructed on the same gen- 
eral plan as in Lepidodendron although 
it seems to exhibit fea tures indicative 
of a greater degree of advancement. 
As far as is know n, a pit li is always pres- 
ent, and the primary xylem is a cylin- 
der of scalariform tracheids either continuous (Fig. 51), as in S. elvgam^ or 
of distinct strands, as in S. Menardi. S. spitiulom is transitional with the 
strands partly confluent. The protoxylem is located at the apex of the 
coarse undulations of the outer edge of the primary wood. Secondary 
xylem is always prese nt and usu ally forms a thin lay er that, 
the wavy Srlace^itTie primary xyleni." TTietracheids are scalariform 
or and ?Ee Trays are small and narrow. A layer of 

secondary periderm furnished support to the trunk as it did in most 
species of Lepidodendron. 

Fructifications . — The fructifications attributed to Sigillaria are of 
two kinds^ Sigillariostrohus and Mazocarpon. Sigillariostrobus is similar 
to Lepidoatrobus in consisting of a central axis bearing whorled or spirally 
arranged sporophylls^ each supporting a single sporangium on the 



Fig. 50 — Stg^atia sp 
catod stem showiiig the ** JSynTigodtn^ 
dr on” condition in which the point of 
attachment of the leaf is represented by 
two large parichnoe scars. Slightly 
reduced. 



THE ANCIENT LYCOPODS 


115 


adaxial surface. The main distinction between it and Lepidostrobm is 
that the upward pointing lamina at the end of the sporophyll is an 
acicular bract varying in length in different species. In compressions 
this pointed structure presents a characteristic appearance quite different 
from the more obtusely pointed bracts of Lepidostrobus. 

Sigillarian cones were attached by long peduncles to the trunk or to 
stout branches just below the leaf-bearing tip portions. They arc quite 
large: Si(/illario;drobus Tieghemi, for example, grew to a length of 16 cm., 
and S. nobilis to 20 cm. All known specimens are heterosporous. * ' 



Fig. 51 .-—Sigillaria 8p. Transverse section of stein. Coal Measures of Great Britain: a, 
primary wood; b, pith containing Siigmaria rootlets; and c secondary wood. X 

Mdzocarpon is a fructification supposedly belonging to Sigillaria and 
similar in its general plan of organization to Sigillariostrobus, The dis- 
tinctive feature is the saucer-shaped megaspores, of which there are 
usually eight, situated in two rows within the megasporangium around 
a central nutritive pad. At maturity, the entire sporophyll mth spor- 
angium attached was shed from the cone axis as a unit. The spores 
apparently escaped only after disintegration of the sporangium. 

Mazocarpon is sometimes regarded as a seedlike organ because, when 
the megasporangium broke up, fragments of tissue generally adhered to 
the megaspores, often partially surrounding them. Prothallial tissue has 
been found within. However, it must be noted that the situation is 
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(luite different from Lepidocarpon, in which only one megaspore matured 
and which was completely protected by the sporophyll. In Mazocarpon 
a number of spores matured within the megasporangium, and it seems 
advisable to regard it as merely showing an advanced condition of heter- 
ospory rather than having attained a condition of seed production. 

The discovery in 1884 of the fructifications of Sigillaria was of far- 
reaching importance. It not only revealed the true affinities of the 
genus but it also showed that cryptogamous plants may producje second- 
ary'^ wood. Previous to this, secondary wood was thought to be peculiai* 
to seed plants, and when Brongniart described Sigillaria M enardi it was 
placed in the so-called “gymnospcrmous dicotyledons.” lie had held a 
similar erroneous view concerning the position of Calamites in the plant 
kingdom, not knowing that a plant with secondary wood might also be 
a spore producer. In 1873 Newberry concluded that the seeds found 
above the Sharon coal in Ohio belonged to Sigillaria because he thought 
he could account for the fructifications of all the other plants present. 
The pteridosperms were then unknown and Grand’ Eury’s announcement 
of the seeds of Covdaites had not appeared. At this time no secondary 
wood had been observed in Lepidodmdron and this genus had been 
correctly placed among the vascular cryptogams. The discovery that 
Sigillaria bore fructifications essentially similar to those of Lepidodendron 
revealed its lycopodiaceous affinities, and also proved conclusively that 
secondary wood is not peculiar to the ^eed plants. This paved the way 
for a better understanding of the relationships of other Paleozoic plants. 

Foliage 

The detached leaves of Lepidodendron and Lepidophloios are placed in 
the organ genus Lepidophyllum (Fig. 52), and those of Sigillaria in 
Sigillariophyllum or Sigillariopsis. Leaves in which the tissues are pre- 
served are often present in abundance in coal-balls and other types of 
petrifactions, but it is seldom that they can be attributed to any particular 
stem. Only a few examples are on record of leaves attached to petrified 
stems although attachment is frequently observed in compressions. 

In the detached condition it is usually impossible to distinguish the 
leaves of the different stem genera, although those of Sigillaria are usually 
longer than those of Lepidodendron, The leaves of one species, Sigil-' 
lariophyllum lepidodendrifolium, are reported as having reached a length 
of 1 m. This is unusual, as lycopodiaceous foliage is typically small, 
and Lepidophyllum does not ordinarily exceed a few centimeters. In 
shape the leaves of Paleozoic lycopods vary from acicular, needlelike 
organs^ similar in appearance to the needles of the longleaf pine, to 
lanceolate structures more resembling the leaves of Taxus baccata. 
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They are never broad, and attachment is always by the entire width of 
the base, often at the summit of a persistent cushion. In compressions 
the simple midrib is usually prominently displayed. Although the 
same general plan of construction prevails throughout the leaves of all 
arborescent lycopods, there are notable differences in shape as viewed in 
(^ross section and in tissue arrangement. 

In practice, the name Lepidophyllurn is used for both compressions 
and petrifactions of l.cpidodmdron leaves. Sigillariophyllum^ however, is 
used only for com})]*ess(Kl sigillarian foliage, and Sigillariopsis denotes 
most petrified foirns. Lepidophyllurn possesses a single xylem strand, 
hut the strand in Sigillariopsis is frequently double. Graham, who has 
i-c^centl}^ made a special study of the anatomy of the leaves of Carboni- 
ferous arborescent lycopods, proposes to make the single and the double 
xylem strand the distinguishing feature of the two leaf genera LepidophyU 
I urn and Sigillariopsis regardless of the plant to which they may belong. 
This proposal is open to criticism for two reasons. The first one is that 
on the basis of the single and double strand, some species of Lepidophyllurn 
may belong to Sigillaria^ since it has never been conclusively demon- 
strated that the sigillarian leaf always possesses a double strand. The 
double strand does, however, appear to be confined to Sigillaria. The 
se(H)nd criticism is that we know almost nothing of the structural dif- 
ferences that may be found in different parts of the same leaf. The 
shape of the leaf changes considerably from the base to the apex, and 
until serial sections are cut along the entire length of the leaf, we will 
not know whether the single and double xylem strands are continuous or 
Avhether a single strand may divide somewhere between the base and 
the apex to form two. However, used purely as descriptive categories 
for leaf sections, the terms may be convenient when defined in this way. 

In cross section, the different types of leaves vary considerably in 
shape. Some forpis are round or triangular, and others are flatly 
rhomboidal. In some species of both Lepidophyllurn and Sigillariopsis 
there are two large stomatal furrows paralleling the vein on the lower 
surface. The furrow may be a deep narrow groove, or it may be a 
rounded or broadened channel with slightly overarching edges. In 
other forms the stomata are not in furrows, but in bands on the surface. 

The epidermis is a single cell layer consisting of small circular and 
larger rectangular cells. In the stomatal bands the circular cells are 
absent, and the tissue consists of the regu^r cells, which may be rectan- 
gular or nearly square, and the guard cells. The stomata are oriented 
in the direction of the length of the leaf. They are not sunken, but are 
on a level with the other cells of the epidermis. They are usually fairly 
numerous, and sometimes there are as many or nearly as many stomata 
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as other epidermal cells. The epidermis is supported beneath by a 
hypodermis of varying thickness. In some species it is a single layer of 
cells, but in others (in fact, in most species) it may extend inward for a 
distance of six or eight cells. The hypodermal cells are thick walled, 
round in cross section, and taper pointed. The tissue is continuous 
except opposite the stomata, and it ma}^ vary in thickness in different 
parts of the same leaf. Beneath the hypodermis is tlie mesophyll, a 
tissue of thin-walled cells that completely surrounds the midrib. It 
may consist of isodiamelric cells irregularly arranged, of cells in chains 
with large intercellular spaces, or of elongated, palisadelike cells. 



Fio. 52. — Lepidophyllum sp. Transverse section. Pennsylvanian ol Illinois. X about 50. 

The midrib is completely or partly surrounded by a layer of trans- 
fusion tissue, which sometimes forms a sheath up to four cells thick. 
The cells of this layer are rather short and broad with nearly transverse 
end walls and reticulate secondary thickenings. Occasionally, a few 
thin-walled cells are interspersed among the thick-walled elements. 

Between the xylem and the transfusion tissue is a continuous layer of 
thin-walled cells that is partly phloem. Since it is usually difficult to 
identify sieve tubes in fossil material, the extent of the actual phloem is 
difficult to determine, but it is generally assumed that the phloem occupies 
the lower side. The xylem is a cylindrical or flattened strand consisting 
of a few to several dozen scalariform tracheids. The smaller elements, 
presumably the protoxylem, occupy the two lateral margins, although 
they sometimes extend downward along the abaxial margin. No 
secondary tissue has ever been observed. , 
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Rootlike Organs of the Paleozoic Lycopods 

The arboreseent Paleozoic lycopods possessed an extensive subaerial 
system of rootlike orgjms of which the most common form is known as 
Sfigmaria^' The remains of th(‘se are the most abundant plant fossils in 
Oarbimiferous rocks, and me oftcTi j)resent in large numbers even when 
other plant remains are absent. Although they occur in all kinds of 
lossiliferous ro(;ks, including coal-balls, they are most prevalent in the 



(A) {B) 

Fio. 63. — (A) Stigmaria ficoidee. Rootstock showing lateral rootlets and rootlet scars. 
Saginaw coal, Lower Permsylvanian. St. Charles, Michigan. About ^ natural size. 
(B) Sketch of tangential section through the main stigmarian axis showing the large primary 
“rays” and the xylem of the appendages (px) occupying the upper angles. The lower end 
of the sketch is toward the apex of the axis. Slightly enlarged. 

underclay upon which the coal seams rest. This clay is usually a non- 
laminated earthy mass which is believed to represent the original top soil 
in which the coal swamp plants were rooted. The stigmarian remains in 
the underclay are seldom petrified, and exist mostly as mud-filled cylindri- 
cal casts surrounded by a thin crust of carbonaceous material (Pig* 16)- 
These casts permeate the underclay in all directions and sometimes can 
be traced for distances of many feet. 

The majority of stigmariae belong to the large artificial species 
Stigmaria ficoidcs (Figs. 16, 53, and 54), It seems that this particular 
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type of rootlike organ belonged to many different species and to even 
different genera of lycopods, but those connected with different plants 
show few distinguishing characters that enable one to separate them. 
S. ficoides has been observed attached to stumps, showing the surface 
features of both Lepidodendron and Lepidophloios, and in some instances 
to Sigillaria. 

Some modern authors use the specific name vernicosa in place of tlu^ 
more familiar and widely employed ficoides on grounds of priority. The 
former was proposed by Martin in 1804 and the lattei* by Sternberg in 
1820. But since the work of Sternberg is one of those^ that has been 
agreed upon as the basis of paleobotanical nomenclature, S. ficoides ma>^ 
be validly used even though it is not the older name. 

The rootstock s^ystem of Stigm aria ficoides consists of four main axes 
arising from a double dichotomy at the base of the trunk. In som(' 
instances the four branches spread abruptly away from the trunk base 
with but slight downward deflection, but in others they slope steeply 
downward for a short distance before spreading. It is believed that 
these two growth forms are the result of the habitat of the individual 
plants. The more abruptly spreading system anchored the plant to soil 
that was exposed to the air, while the downwardly deflected one supported 
plants growing in water. In all cases, however, the plants most cer- 
tainly grew in very wet soil although not necessarily in situations when^ 
the surface was ahvays vsul)merged. The individual axes extended for 
long distances, branched occasionally by a simple dichotomy, and tapered 
gradually to a diameter of 2 or 3 cm. at the tips. 

The casts of Stigmaria ficoides are easily recognized by the small 
circular pitlike depressions ornamenting the smooth or wrinkled surface. 
The depressions are about 5 mm. in diameter and ea(4i is surrounded by 
a small rim. In the center of the depression, in well-preserved speci- 
mens, is a small raised projection. These surface features are arranged 
according to a definite pattern, which ma^^ be described as a spiral or 
quincunx. They are generally well separated and do not present the 
crowded appearance such as often ‘characterizes the foliar markings on 
the surface of the trunks. These scars mark the places of attachment 
of the lateral appendages or rootlets as they are commonly called, 
but their true homologies are not knowm with certainty. 

The lateral appendages are always much smaller than the main axis 
and seldom exceed a centimeter in diameter. While still in place in the 
underclay, they can often be seen spreading out from the axis at nearly 
right angles to it as slender cylindrical casts or as flattened ribbonlike 
bands of carbonaceous matter. 

V Several species of Stigmaria have been described on the basis of 
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both external and internal morphology. Of these, however, S. ficotdcs is 
the most important. A root system slightly different from Stigmaria is 
StigmariopsiSf which is believed to belong to the Subsigillariae. In 
Stigmariopsis there is the same division into four main axes as in Stig- 
maria, but each axis tapers more abruptly and bears on its lower surface 
two rows of conical outgrowths, which in turn bear the ^^rootlets.^^ The 
surface of the main part is decorated with lengthwise ribs and furrows 
that give an appearance resembling the pith casts of Calarnites except for 
the absence of nodal linens. These ribs an* believed to correspond to 
the ribs on the stem. Little is known of the anatomy of Stigmariopsu, 



Fig 54. - Stiumarin ficoidea. Cross section of the xylem cylinder of a large rootstock. 
In the center is the pith containing sev^eral lateral rootlets whicli had invaded the tissues 
after death of the plant. The broad bands traversing the xylem are the so-called “rays” 
through which the lateral rootlets emerge. Coal Measures of Great Britain. X 2}/2. 

The structure of the main axis of Stigmaria ficoides is distinctive and 
is not readily confused with any otlieiT^ant, although some of the 
essential features of lepidodendrid and sigillarian stems are present. The 
outer cortical tissue is a thick resistant layer bounded on the outside by 
a thin hypodermal zone and having on the inside a band of secondary 
periderm of radially aligned fiberlike cells. This band originated from a 
phellogen situated on the inner face. The middle cortex consisted 
originally of thin-walled cells and in most fossil specimens is repre- 
sented by a mineral-filled space. The inner cortex is an imperfect!}^ 
preserved lacunar layer abutting on the phloem. 

In the center of the relatively small vascular cylinder is a fair-sized 
pith from which the cells have mostly disappeared and which may have 
l)een hollow during life (Fig. 54). The wood forms a broad zone broken 
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into segments by broad rays. These segments form a vertical meshwork, 
and in tangential sections the separating rays show as spindle masses of 
parenchyma through which the traces supplying the lateral appendages 
pass. The wood shows no clear d istinction between primai:y and second- 
ary, the radialinign^^^ of the tracheids extending almost to the pith. 
TIow*ever, the innermost xylem elements are smalh'r and less regular 
tBaiilhe others an J ihTadial sections are seen to bFar spiral thickenings. 
ITTe axis " therefore contains an endarch siphonostele, an unexpeH‘.ted 
phenomenon in a lycopodiac^eous organ. 1’‘he bulk of the xylem consists 
^ radially aligned scalariform tracheids among which there are numerous 
small secondary rays,... 

Sbme differences are shown by other species of Sligmaria. In >S. 
augustodulnifiiii, S. Loheatij and S. duhiaj there is no pith, and the center 
of the stele is occupied by a solid rod of primaiy centripetal xylem made 
up of scalariform tracheids. A similar situation exists also in the Stig- 
maria of Bothrodcndro7i mutidurn. In aS. Brardi and S. Wcissiana tlujre is 
a central pith separated from the secondary \yood by” a well-d(weloped 
layer of centripetal primary wood. S. hacupvfuns represents still another 
type iinvfiich there is no pith, and the solid primary wood consists of 
spiral and scalariform elements showing no evideiue of development in 
any particular direction. It is most (‘.(u-tain that a critical examination 
of more petrified stigmarian axes would bring to light a still greater 
variety of structures — there ought to be one for each stem type. Some 
of the species mentioned in this paragraph were originally identified as 
S, Jicoides, and they were separated only after a careful study of the 
primary portion. 

The lateral rootlets’" of Sligmaria Jicoides are slender organs a 
centimeter or less in diameter at the base but taf)ering gradually toward 
the apex. They occasionally fork by dichotomy. The rootlet is trav- 
ersed for its full length by a simple vascular strand consisting of a tri- 
angular xylem mass with a thin layer of phloem lying along one side. 
The protoxylem is situated at one of the angles on the opposite side away 
from the phloem. The rootlet is therefore monarch and similar to that 
of some species of Selaginella, A few secondarily formed tracheids are 
usually present. Unless misplaced during fossilization, the vascular 
strand occupies the center of the rootlet. The strand is surrounded by 
an inner cortex of thin-walled cells. The outermost tissues of the rootlet 
consist of the epidermis and the outer cortex, which are usually well pre- 
served. The inner cortex, as in the trunks and rootstocks, has usually 
broken down, leaving an internal cavity. The vascular strand, instead 
of lying free within the cortical cavity, is, in most transverse sections, 
connected with the outer cortex by a narrow bridge of tissue containing 
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a few tracheidlike cells. This structure obviously assisted in the transfer 
of water from the outer cortex to the vascular strand. 

The vascular strand of the appendage is connected to the rootstock 
along the broad spindle-shaped primary rays that in transverse section 
break the xylem into segments. The xylem of the appendage bundle 
lies in the angle of the ray that is directed toward the base of the root- 
stock, with the protoxylern pointing into the lenticular space ledt by the 
decay of the ray pareuichyma (Fig. 53B). 

Within the rootstock the rootlet accjiiires a cortex of its own, which 
is confluent with the cortex of the main axis. However, the rootlet 
appears to break through the outer part of the cortex of the rootstock 
just as in any ordinary root. The rootlet, therefore, is partly endogenous 
in origin. 

The tru(' morphology of Sligmaria, and its relation to the stem, 
]*emain, ('\'en after more than a century of r(\^earch, one of the great 
unsolved problems of paleobotany. Wlien the prevalen(‘e of Sfigmaria is 
considered this may seem strange, but there are difficulties attending its 
interpretation that iirv, not easily overcome. For instance, the underclay 
in which tlie majority of Htigmariar occur parts irregularly, making it 
difficult, to follow th(' axes for any distance except under occasional cir- 
(Uimstances wlum they are (\\posed on quarry floors or mine roofs. Then, 
it is only under exceptional circumstances that even the slightest clues 
are provided concerning the stems to which they were attached. In 
the relativ(?ly few specimens where attachment has been observed, the 
surface features of the stumps wvre not always sufficiently preserved to 
permit accurate identification. Another difficulty lies in the fact that 
the structure of Stigmaria is different from that of the roots of most 
other plants, either anci('nt or modern. From the purely functional 
standpoint Stigmaria served as the loot of the plant of which it w'as a 
part. That it was an organ of anchorage is plainly obvious, and there 
is no reason to question its capacity for absorption. A problem closely 
(correlated with its structure and function is that of development, and 
pertaining to this there has been great diversity of opinion. Some writers 
of the early part of the last century (Artis, Lindley, and Hutton, and 
(loldenberg in particular) regarded Stigmaria as an independent growth 
of unknown affinity and unassociated ^vith any kind of aerial stem. 
Others thought it to represent a succulent dicotyledon of the Cactus or 
Euphorbia type, although Brongniart suggested in 1849 that it might be 
the root of Sigillaria, 

One of the most elaborate explanations of the morphology and 
development of Stigmaria was formulated about 1890 by Grand'Eury, 
who believed that both Stigmaria and Stigmariopsis are rhizomes and 
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not true roots. He concluded that the spores of Lepidodendron and 
Sigillaria germinated in water and developed into long branched axes 
capable of an independent existence. Under certain conditions, probably 
in shallow water, the rhizomes sent out bulblikc outgrowths that grew 
into erect stems. In the next stage the developing trunks became 
basally enlarged and scmt out four primary roots that grew obliciuely 
downward and sent out appendages. These tlien served to anchor the 
trunk, and after the decay of the parent rhizome the plant (*,arricd on an 
independent existence. 

GrandT]ury’s theory of the nature and devcdopment of the rootlike 
organ of the arborescent lycopods was based principally upon Sfig- 
mariopsis stumps standing in situ, but lie ai^'plicHi the same explanation 
to Stigmaria. His theoiy has difficulties tliat are not readily explained. 
It seems almost unbelievable that the parent rhizome and the roots that 
developed later should have the sanu^ structui(‘. One would expect 
them to show sufficient differences to distinguish them when found in 
close association. British writers of the same peihxl held leather firmly 
to the belief that Stigmaria is a true root, and their vimvs were based 
upon a number of excellent stumps discovered when railway construction 
commenced in Great Britain about 1810. At about the same time 
similar stumps were described fi-om Gape Breton Island in Nova Scotia, 
some of which are figured by Sir William Dawson in his Geological 
History of Plants’^ and ^^Vcadian Geology.” 

Modern research has thrown little additional light on the Sligmaria 
problem and the remains are generally ignored by present-day paleo- 
botanists. . When all the accumulated evidenc^e is brought together, the 
salient facts are that Stigmaria and Stigryiariopsis functioned as the roots 
of the Paleozoic arborescent lycopods, and that those attached to dif- 
ferent kinds of plants were much alike in structure. The likeness is so 
great that the vast majority of them have been lumped together into 
one species. On purely morphological grounds Stigmaria cannot be 
regarded as a true root, and probably not as a rhizome. Rhizomes, 
especially those that produce extensive vegetative growth, usually bear 
numerous aerial stems, but in Stigmaria multiple attachment has not 
been observed. Moreover, the connection between Stigmaria and the 
trunk offers good evidence that the former is an outgrowth from the 
base of the trunk rather than being the parent organ from which the stem 
was initiated. Stigmaria is in all probability a highly specialized and 
modified branch system which, from the standpoint of function and 
position, has become transformed into a root. The possibility that the 
appendages of the main stigmarian axis are homologous with leaves has 
been suggested. When their function and position is considered, this 
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interpretation may seem needlessly farfetched, but the orderly arrange- 
ment that they present is far more remnisceiit of a foliar whorl than of 
the irregular distribution of lateral roots. Moreover, similar modifica- 
tions of the basal foliage occur in the aquatic fern Salvinia^ in which the 
lowermost leaves have become transformed into long filiform segments 
somewhat resembling roots although of (luestionable function. 

OTHER ANCIENT LYCOPODS 

Mention has already l)een made of the fact that the names Lycopodifes 
and Selaginellites are often given fossils resembling the modern genera 
Lycopodium and Selaginella. The distinction betw'een Ly copod ites and 
Selaginellites is based upon the kinds of spores produced. Lycopodiies is 
the term for plants which may resemble either Lycopodium or Selaginella 
but are known to be homosporous. Selaginellites ^ on the other hand, 
is for heterosporous forms. Lyeopodites has been used for vegetative 
Lycopodium-like tw igs even in the absence of spores, some of 'which have 
later been showm to be coniferous twigs. The smalka* branches of some 
species of Bothrodendron resemble Lyeopodites. Lyeopodites and Selagi- 
nellites range from the Lower Carboniferous (or possibly even from the 
Upper Devonian) to Recent. 

Pinakodendron is a Carboniferous lycopod that somewhat resembled 
Bothrodendron in the absence of raised leaf cushions. It differs from it 
in the presence of a netw ork of raised lines between the leaf scars. The 
outstanding feature of the genus, however, is that no strobili wore pro- 
duced, but certain portions of the stem became fertile as in Baragwanathia 
or in some of the modern species of Lycopodium. The sporophylls are 
long and narrow^,, and on the stem just above the point of leaf attachment 
the imprint of a megaspore tetrad is visible. There is no pronoun(.*ed 
distinction betwoen the sporophylls and the vegetative leaves. 

Omphalophloios is a middle Pennsylvanian lycopod of somew^hat 
uncertain affinities, although it is probably a relative of Lepidodendron. 
It has rhomboidal leaf cushions that change considerably in shape on 
axes of different size, but they bear a general resemblance to those of 
Lepidodendron except for the absence of the median keel. Its character- 
istic feature is the leaf scar. Slightly above the middle of the scar is a 
small triangular print, and above this is an oval or subcordate area out- 
lined by a low rim. Within this area is an oval print. In the absence 
of attached leaves or preserved structure, it is impossible to explain the 
markings on the scar. Although Omphalophloios probably represents a 
stem, it may be a rhizomelike structure similar to Stigmaria. Omphal- 
ophloios originally was described from material from the Des Moines 
series of Missouri, but similar forms have been observed elsewhere. 
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Pleuromeia is a genus of Triassic plants somewhat resembling Sigil- 
laria. The plant possessed a straight, upright, unbranched stem some- 
times exceeding 1 mm. in height. Terminating the trunk was a large 
strobilus of spirally arranged, oval or reniform sporophylls. The plant 
was heterosporous. Linear or lanceolate leaves were borne on the upper 
part of the trunk beneath the strobilus. The base of the trunk was 
divided by dichotomies into four, or sometimes more, short fleshy lobes 
which were upturned at the ends, and which were covered with small 
slender rootlets. 

The internal tissues of Pleuromeia are not well preserved, and com- 
parisons with other plants are based mostly on the external form. Prob- 
ably the most striking feature of the plant is the resemblance between 
the lobed basal portion and the rhizomorph of the living Isocles, In 
Isoetes the growing point is located in a median groove and siu^cessive 
rows of rootlets are produced in a rather orderly succession. It is prob- 
able that Pleuromeia produced its rootlets in a similar manner. 

The double dichotomy at the base of the lepidodendrid trunk where 
the four stigmarian axes depart also resembles the basal lobing of Pleuro- 
meia and Isoetes. The structure of the rootlets is similar in all three, 
although Stigmaria differs in that it apparently had an apical growing 
point. It is improbable that in Stigmaria new rootlets were initiated 
within the grooves between the large rootstocks in the same manner as in 
Isoetes. 


PHYLOGENETIC CONSIDERATIONS 

It is beside the purpose of this volume to give a complete analysis of 
the relationships of the ancient ly copods, and therefor© mention will be 
made of a few salient features only. 

The climax of lycopod development is revealed in the arborescent 
genera of the Carboniferous. These plants became large trees with 
secondary wood and extensive root systems. All forms were spore 
bearers but heterospory became firmly established, and in some genera 
evolution had proceeded to the point of production of seedlike organs. 

The lepidodendrids and sigillarians represent highly specialized trends 
within the Lycopsida, which lacked the plasticity necessary to enable 
them to adapt themselves to the more adverse climates of the late 
Permian and Triassic. For this reason we find them all but disappearing 
from the fossil record at the close of the Paleozoic. There existed, how- 
ever, along with the arborescent genera small herbaceous lycopods that 
grew near the ground in protected places, and these were able to cope 
more successfully with the changing environment/ Much less is known 
of them than of their more spectacular relatives, but some of the more 
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or less indifferently preserved fossils that are sometimes indiscriminately 
called Lycopodites and Selaginellites may be the actual forerunners of the 
Recent genera. 

The division of the lycopods into the Ligulatae and Eligulatae extends 
to the Paleozoic forms. As far as we knou^ all the lepidodendrids and 
sigillarians were ligulate and heterosporous, and the two characteristics 
seem to accompany each other in the ancient as well as in the Recent 
genera. Reports of homosporous Lepidostrohi have never been verified, 
and it is altogether probable that all members of this cone genus were 
both ligulate and heterosporous. Spencerites, on the other hand, is a 
homosporous, eligulate organ, l)ut the plant that bore it is unknown. It 
is undoubtedly lycopodiaceoiis but not a member of the Lepidodendraceae. 

According to the systems of classification generally followed in botani- 
cal textbooks, the plants grouped in this volume in the Psilopsida, 
Lycopsida, Sphenopsida, and Filicinae constitute the Pteridophyta, and 
the lycopods and scouring rushes are termed the *Tern allies.^’ However, 
we know from anatomical and historical evidence that the ferns and 
lycopods are not close re^latives, but that they represent separate lines of 
development as far into the past as it is possible to trace them. The 
true fern allies are not the lycopods and scouring rushes, but the seed 
plants. 

The Lycopsida agree with the Psilopsida in showing many primitive 
features in the vascular system, but in other respects there are some 
pronounced differences. In the lycopsids the sporangium is always 
associated with a foliar organ and is not a part of the main shoot as in 
Hhynia or Pailophylo?!, In the living psilotalean genus Tmcsiptcris the 
synangia are situated on short shoots that have been variously inter- 
preted, some investigators maintaining that they are sporophylls, while 
others explain them as cauline. Situated beside the synangia on the 
short shoots are expanded leaflike structures, the morphology of which 
has been a matter of dispute. However, those who have most recently 
studied Tmesipteris seem inclined to agree that the short shoot that bears 
the syiiangium in a terminal position is not homologous with the lycopod 
sporophyll. Another distinction is that many lycopods possess organs 
definitely differentiated as roots, and the whole plant body shows a 
degree of differentiation scarcely more than suggested among the Psi- 
iopsida. No heterosporous psilopsids are known. 
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CHAPTER VI 

ANCIENT SCOURING RUSHES AND THEIR RELATIVES 

The ^^eological history of the scoiirinp; rushes and their relatives is a 
close parallel to that of the lycopods. Their earliest representatives 
appeared during the Devonian, the group became a conspicuous element 
of the flora of the Carboniferous, and their subsequent deedine has reduced 
them to a mere vestige of th(ur former status. The decline, in fact, has 
been even more sev(u-e than that endured by the lycopods, as is shown 
by the i)resence in the Pie(*ent flora of but 1 genus with some 25 species. 

With the possible excej)tioii of one or t wo Middle Devonian forms of 
which the affinities arc still somewhat conjectural, the stems of all mem- 
bers of the scouring rush group (the Sphenopsida) are marked by distinct 
nodes at which ai’c borne whorls of leaves, and the stem surface betw'een 
the nodes is ornamented with lengthwise extending ribs and furrows. 
CoupltHl with these characteristics of the vegetative phase of the plant, 
most genera possess esi)ecially modified fertile stalks, or sporangiophores, 
whi(di, although they are variously interpreted, are probably homologous 
with the sporophylls of the lycopods. In the surviving genus Equisetum 
the leav('.s are vestigial organs forming a low toothed sheath around the 
stem and generally incapable of photosynthetic activity. The individual 
plants are small, limited to a few feet in height, and show^ no appreciable 
size increase due to cambial activity. The Paleozoic genus Calainiies, on 
the other hand, had green leaves that were often several centimeters long. 
There was extensive cambial activity and the plants often became large 
trees. 

The categorical ranking of this group of ancient and modern plants 
varies among the several systems of classification that have been in use 
during the last half century. In some it is rated as an order (Articulatales 
or Equisetales) but others treat it as a class (Articulatineae or Equise- 
tineae), as a phylum (Arthrophyta), or as a division (Sphenopsida). 
Divisional ranking seems most satisfactory because the very pronounced 
characteristics that all its members possess in common serve not only to 
unify it but also to segregate it on an equal level from all other divisions. 
The term phylum^’ which is approximately equivalent to ^ Mi vision’’ has 
not come into general use in botany. 

The division Sphenopsida consists of five orders or classes, depending 
upon the categorical rank assigned them. They are the Hyeniales, the 
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Pseudobomiales, the Sphenophyllales, the Calamitales, and the Equise- 
tales. The exact time of the first appearence of the Sphenopsida is of 
course unknown, but there is some evidence that primitive members of 
the division flourished beside the Psilophytales and ancient lycopods 
of the early Devonian. This belief is supported by the discovery in the 
Lower Devonian of tw^o very small plants, Climaciophyton and Spondy- 
lophyton, which consist of stems bearing leaflike organs in whorls at 
regular intervals. Nothing is known of the internal structure or of the 
fructifications of either of these plants, and since we are acquainted 
only with the external aspect of the vegetative parts there is no proof 
that they belong to the Sphenopsida or that they are not ancient thal- 
lophytes or members of some extinct group as yet unknown. Their 
assignment to the Sphenopsida is therefore tentative. 



Hyenia elegans. Fructification. {After Krdusel and Weyland.) X 3. {C) Calamophyton 

primaevum. Fructification. {After Krdusel and Weyland.) X 7. 

Climaciophyton (Fig. 55^4) is from the Lower Devonian Wahnbach 
beds of Germany. It is a small plant with a three-angled stem not more 
than a millimeter in diameter, which at rather short intervals is encircled 
by whorls of three short, rounded, broadly attached, leaflike appendages 
which appear to be quite thick. Spondylophyion is from the Lower 
Devonian of Wyoming. It is a plant apparently of cespitose habit with 
small unbranched axes 1 or 2 mm. iji diameter bearing whorls of tw o to 
four leaflike appendages. These organs are 5 to 8 mm. long and are 
dichotomously split to the base into truncate linear segments. The 
whorls are from 4 to 6 mm. apart except near the stem tips where they 
may be closer. 


HYENIALES 

The Hyeniales consist of the two genera Hyenia and Calamophyton. 
Both are from the Middle Devonian. They are small plants with stems 
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bearing short forked appendages in whorls of three or more. Along the 
lower portions of the plant these appendages are sterile, but at the tips 
they bear small terminal sporangia on the recurved ends. The Hyeniales 
are placed within the Sphenopsida solely on external characters because 
nothing is known of the internal structure of any of the members. The 
position of the sporangia suggests affinity with the Psilophytales. Too 
little is known of any of them to enable us to assert positively that a 
phylogenetic sequence is represented, but it is possible that the Hyeniales 
constitute a side line of the psilophytalean complex from which the later 
sphenopsids evolved. 

Hyenia is the largest genus with three species. //. elegans is from 
the upper Middle Devonian of Germany, and H. sphenophylloides was 
found in a bed of similar age in Norway. If. elegans^ the best known of 
the species, has an upright stem less than 1 cm. in diameter, which 
branches in a digitate manner. The straight slender branches bear 
whorls of narrow, repeatedly forked leaves, which are from i to 2.5 cm. 
long. //. Bankmiy from the Hamilton group of Orange C'ounty, New 
York, differs somewhat in habit. It has an upright stem that bears 
spreading lateral branches of only slightly smaller diameter. The 
leaves are 7 to 1 1 mm, long and are usually two but sometimes three- 
forked. As in the other species, the stems are not jointed. The leaf 
whorls are spaced at intervals of about 8 mm. The number of leaves 
per whorl is uncertain. 

Fructifications have been described only for Hyenia elegans (Fig. 55B). 
The upper portions of the branches are transformed into spikes bearing 
short-forked sporangiophores arranged the same as the leaves. No 
leaves are present among the sporangiophores, the entire stem tip being 
fertile. The bifurcated tips are recurved, and each bears several oval 
sporangia. The spores have not been observed. 

Calamophyton has two species, (7. primaevum from the same locality 
and horizon in Germany as Hyenia elegans^ and C. Renieri from the Middle 
Devonian of Belgium. The genus resembles Hyenia in having an upright 
stem that divides into several smaller branches, but the stems and 
branches are jointed with short internodes. The nodes of the smaller 
branches bear whorls of small, wedge-shaped, apically notched leaves. 
The fertile portions of the stem are similar to those of Hyenia in consisting 
of fertile spikes of forked sporangiophores, but only two sporangia are 
present on each sporangiophore (Fig. 55C). 

The digitate branching of the main stem of the Hyeniales is different 
from that of any of the other members of the Sphenopsida. In Equisetum 
and in the Carboniferous genus Calaniites, the branches are attached to 
the nodes, often in pronounced whorls around the main central axis, 
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which extends upward as a straight shaft. However, the whorled leaf 
arrangement of the Hyeniales is definitely a sphenopsid character. 

PSEUDOBORNIALES 

This order is founded upon the single genus and species Pscudohornia 
ursina (Fig. 50), which was discovered in 1808 in the Upper Devonian 
of Bear Island in the Arctic Ocean. The remains are not pet rilied, but 
consist of well-preserved compressions, which reveal stems of varying 
dimensions. The largest of these, which were as much as 10 cm. in 



Fig. 6 ^.~ Pseudohornia ursina. {After Naihorst,) About 34 natural size. 

diameter, are believed to have grown more or less horizontally and to 
have borne upright leafy stems of smaller size. All the stems are dis- 
tinctly jointed, and the smaller upright ones bear at the joints whorls of 
large, deeply incised leaves. Each joint appears to have borne four 
leaves. Each leaf is divided by repeated dichotomies into several 
divisions, each of which is in turn deeply cut in a pinnate fashion into 
numerous fine segments. The fructifications are lax spikes up to 32 cm. 
long, which bear whorled sporophylls (sporangiophores) resembling 
reduced foliage. The sporangia, which are borne on the lower side, 
contain spores believed to be megaspores. Because we know nothing of 
the internal structure of Pseudobornia, and have scant knowledge of its 
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fructifications, the relationship of this plant to the other members of the 
Sphenopsida is somewhat problematic, but the form of the leaves is 
suggestive of affinities in the direction of the Sphenophyllales and 
Asterocalamitcs of the Calami tales. 

SPHENOPHYLLALES 

Sphenophyllum, tlie principal genus of the Sphenophyllales, was a 
small plant that probably produced a dense mat of vegetation on the 
muddy floor of the coal-swamp forests. Some of the species may have 
produced trailing stems of considerable length, which grew over other 
low plants or fallen logs. The reclining habit of the plant is indicated 
by the slenderness of the stem and the frequent insertion of adventitious 
roots at the nodes. The occurrence on the same plant of shallowly and 
deeply notched leaves has been interpreted by some investigators as an 
indi(*.ati()n that the plant was aquatic, with the deeply cut leaves growing 
beneath the water. However, on some stems it may be seen that the 
two kinds of leaves are interspersed, showing that there is no apparent 
relation between leaf form and habit. The stem of Sphenophyllum was 
probably an aerial oi'gan for the most part, although since the plant 
grew in a swamp 3 ^ environment it might have occupied habitats where 
partial submergence was frequent. 

Compressions of the leafy stems of Sphenophyllum are widely scattered 
throughout the shales of the Carboniferous coal-bearing formations, and 
petrified stems are often present in coal-balls. The genus first appeared 
in the Upper Devonian, the oldest species being S, suhtenerrimum from 
l^ear Island. It is most abundant in the Upper Carboniferous (Pennsyl- 
vanian) and Lower Permian, but survived into the Triassic, where it 
disappeared. 

The name Sphenophyllum is derived from the shape of the leaf. The 
leaves (Figs. 57 and 58), are always small, usually less than 2 cm. in length 
but occasionally more. They are arranged in verticels of 6 or 9, although 
sometimes there may be as many as 18. The broad apex of the leaf is 
variously notched or toothed, depending to some extent upon the species, 
although there is considerable variation in this respect within some of 
the species. Sphenophyllum emarginatum (Fig. 57 B) has shallow rounded 
teeth. In S. cuneifolium (Figs. 57, D and E) S, saxifragaefolium, S. 
bifurcatum, and S* magus (Figs. 57 A and 58 A) the teeth are pointed, 
and often there is a deep central cleft which divides the terminal portion 
of the leaf into lobes w^hich in turn may be secondarily notched. The 
leaves of S, myriophyllum (Fig. 57C) are divided by three deep notches, 
which extend nearly to the base. In some species, such as S, speciomm 
or S. vertidllatmriy the leaf apex is somewhat rounded and very shallowly 
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toothed. Each Sphenophyllum leaf is provided with several slightly 
diverging veins, one of which terminates within each apical tooth. All 
the veins are derived from a single vein which enters the base of the leaf 
and which divides by repeated dichotomies. 

The stems of Sphenophyllum seldom exceed 5 mm. in diameter. Th(\y 
are slender, with nonalternating ribs extending the length of the inter- 
nodes. The stro})ili are elongated lax inflorescences borne terminally on 
the lateral branches. 

Structurally preserved stems of Sphenophyllum are frequently found 
in coal-balls and other types of petrifactions (Fig. 59). Early during 
the development of the stem a phellogen layer was initiated rather deep 



Fkj. 59 . — Sphenophyllum plurifoliatum. Cross section of stem showing the three-angled 
primary xylem mass, the secondary xylem and periderm layers. X about 9. 


within the (iortex and tins produced successive layers of corky tissue. 
Ultimately the entire cortex was utilized, and periderm formation 
continued within the secondary phloem as in modem woody stems. The 
stele consists of a central column of xylem surrounded by phloem. The 
latter, however, was of delicate construction and hence seldom preserved. 
The primary xylem, which occupies the center of the stele, is a solid 
three-angled rod of conducting cells without pith and with the proto- 
xylem located at the angles. The external position of the protoxylem 
indicates that the metaxylem developed centripetally, a type of develop- 
ment rare in stems, except in the Lycopsida, but characteristic of roots. 
A cross section of a stem usually shows three protoxylem points, although 
in S. quadrifidum, a French species, each point is said to be a double one, 
making the stele hexarch instead of triarch. The protoxylem tracheids 
are small, but inwardly the tracheids of the metaxylem become larger 
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and in some species they bear multiseriatc bordered pits. There is no 
conjunctive parenchyma, and the primary xylem therefore bears con- 
siderable resemblance to the exarch protostele of a root. 

The three-angled primary xylem rod is surrounded by secondary 
wood. The first-formed secondary wood was deposited vitliin the shal- 
low embayments between adjacent protoxylem points but later it 
extended completely around the primary axis. In young steams it con- 
formed to the shape of the primary wood but later, as it increased in 
extent, it became round in cross section. 

The secondar}^ xylem consists of tracheids and rays. The tracheids 
are large, are arranged in regular radial seciuence as a result of theii* 
origin from the cambium, and bear multiseriatc bordered pits on their 
radial walls. In most of the species in which the stem anatomy has 
been investigated the rays show the usual structure, I)ut in Spficnophyllum 
plurifoliatum the}^ consist merely of short horizontal cells whic^h connect 
vertical strands of parenchyma occupying the spaces between \he corners 
of the tracheids. 

The roots of Sphenophyllum are adventitious organs attached at th(‘ 
nodes of the stem. They are small, and structurally they resemble tin* 
stem except that there are two protoxylem points instead of three*. 
Secondary growth took place as in the stem. The phloem is usually 
better preserved, and a broad periderm layer is usually piesent. 

The Sphenophyllales reproduced by spores as did all other known 
members of the Sphenopsida. The spores were bonier in sporangia 
produced in strobili of various sizes although they are usually not more 
than 1 cm. in diameter. The length varies more than the diameter. In 
some species the strobili are lax structures not strongly differentiated 
from the vegetative shoots, but in others they are compact organs borne 
in either a lateral or a terminal position. 

Detached sphenophyllean strobili are assigned to the organ genus 
Bovmanites, The name Sphenophyllostachys has also been used but the 
other was proposed first. The cone axis is jointed, reminiscent of the 
stem on which it is borne, but the internodes are typically shorter. 
Instead of bearing leaves, the nodes support sporangiophores usually 
accompanied by sterile bracts. These sterile bracts are borne in verticils 
and are often joined laterally with each other for a part of their length 
with the terminal pm-tions free. In some the union extends for more 
than half the length of the bract but in others, of which Bowmanites 
KidsUmi is an example, they are united only at their bases with the free 
terminal part split in a manner resembling the bifurcation of the vegeta- 
tive leaves. Attached to the axis between these verticils of coalescent 
bracts are the sporangiophores, which differ markedly in length in dif- 
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ferent species. Sometimes they are fused for a short distance to the 
upper surfac^e of the bract so that in the compressions they appear to 
arisen from it. In B. 7najus the stalks are borne in such close proximity 
to the bracts that they were long undetected, and in the older texts the 
small clust(u* of four sporangia is shown sessile on the upper surface 
(Scott’s ‘SStudies,” Fig. 51). In B, Dawsoni (Fig. 00) the coalescent 
bracts form a cup around the cone axis with the upturned tips free. 
There are several sporangiophores for every bract and they are of dif- 
ferent lengths so that the sporangia are arranged within two or more 
concentric whorls within the cups of coalescent bracts. Each sporan- 



Fig. (>(). - Botvm anil t’s Dawsoni. Slightly oblique transverse section of strobilus: a, 
axis; h, sporangium of higher whorl; c, whorl of basally coalescent bracts which become 
free on opposite side at d; c, sporangium of whorl below; /, free tips of bracts constituting a 
still lower whorl. X 10. 

giophore bears a single oval sporangium terminally on its upwardly 
curved tip. B. Romeri is similar to B. Dawsoni except that each sporan- 
giophore bears a pair of terminal sporangia. In both species the number 
of sporangia borne within a single verticil is large. In B. fertile the 
bracts are not coalescent, but they depart from the nodes as six pairs of 
slender stalks. Immediately above and between each pair a sporan- 
giophore arises as a single stalk that soon branches into 14 to 18 slender 
pedicels. Each pedicel is a peltate structure with two backwardly 
directed sporangia. Homospory is generally assumed to have prevailed 
in the majority of species but heterospory has been demonstrated in at 
least one species and has been suspected in others. In the supposed 
homosporous forms the spores vary from about 75 to 125 microns in 
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diameter exclusive of the perispore^ which is an irregular or wrinkled 
layer covering the exine. In /?. delectus some of the sporangia bear 
small spores averaging about 80 microns in diameter, but other sporangia 
in the same strobili contain spores nearly ten times as broad. Of the 
latter, only a few spores, probably about 1(5, are present within a sporan- 
gium. Not all of the megasporcs developed to maturity. Some of them 
are aborted and have developed to about one-third the dimensions of the 
fully formed ones. B. delectus is a sphenophyllaceous fructification in 
which heterospory is clearly expresst^d, but the plant which produced it 
is unknown. « Its affinities are evident from the whorled arrangement of 
the sporangia. 

The trend in the Sphenophyllales appe^ajs to havc^ bc^en toward 
strobilar complexity, and unlike the lycopods there is no indication of 
seed production. Cryptogamic methoils of reproduction seem to 
characterize the order as they do within the (uitire sphenopsid group. 

Boegendorfia semiarticulaia is a sphenopsid from the Upper Devonian 
of Germany, which has some resemblance to Sphenophyllum , Its 
lateral branches depart from a central stem at nodes spaced 0.5 to 2 cm. 
apart. The small wedge-shaped leaves are deeply cut into tw^o to five 
segments, and attached to some of the nodes are small spikelike struc- 
tures that appear to be strobili. The affinities of Boegendorfia are 
expressed only by superficial characters and its exact position within 
the Sphenopsida is questionable. 

Cheirostrobus is the name given a very interesting calcified strobilus 
from the well-known Lower Carboniferous plant-bearing beds at Pettycur, 
Scotland. The plant that bore it is unknown. The cone is large, being 
as much as 4 cm. in diameter and 10 cm. long. At each node there is a 
whorl of about 12 so-called ‘^sporophylls,^' wdiich, as in Sphenophylhim, 
are superimposed in successive whorls. Each sporophyll is divided just 
beyond its base into tw^o lobes, the upper being fertile and the lower 
sterile. The whole sporophyll is also split laterally in a digitate fashion 
into three portions so that altogether there are six parts, three above 
and three below. Both the sterile lobe and its fertile complement extend 
out at right angles from the axis. The tip of the sterile part is provided 
with an upturned bract that overlaps the corresponding portion of the 
sporophyll in the whorl next above. The fertile lobe above each sterile 
part is a peltate organ bearing four closely packed elongated sporangia, 
which extend back to the axis. The spores average 65 microns in diam- 
eter and are all of one kind. 

The division of the sporophyll of Cheirostrobus into a superior spor- 
angiophore complfex and an inferior sterile bract is quite like the situation 
in Sphenaphyllum, which is believed to be its closest relative. Thare is 
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also considerable resemblance to Palaeostachya^ one of the fructifica- 
tions of Calamites, in having four sporangia borne in a peltate manner. 
Although the plant to which Cheirostrobus belongs is unknown, this 
fructification nevertheless shows the extent of strobilar complexity 
attained by some of the Paleozoic Sphenopsida. It is a synthetic type 
combining characteristics of the Hphenophyllales and the C'alamitales. 

CALAMITALES 

The genus Calamites occupies a position among the Sphenopsida that 
is comparable to Lepidodendron among the lycopods, and from the stand- 
point of bodily dimensions and structural complexity it marks the 
culmination of the entire class of plants. Its remains are extremely 
abundant and they are almost always present in one form or another 
wherever Carboniferous plants are found. 

Calamites , 

In Calamites the segmented construction of the plant body is strongly 
expressed in the stems, the branches, and the fructifications. Although 
it has been possible to reconstruct several types, it is only rarely that 
the various parts of the plants are found connected. The plant body 
was of frail construction, which resulted in the branches and strobili 
readily becoming detached from the main trunk, and consequently most 
of our information on the comphde plant has been assembled part by part 
from painstaking comparisons of separate parts and from occasional 
instances where organs have been found attached. Separate generic 
names have been given all parts of the plant including the pith casts, 
leaf whorls, and strobili. The name Calamites was originally used for the 
pith casts in 1784 by^Suckow, who was one of the first to suspect the 
true relationships of the fossils. Previous writers believed them to be 
reeds or giant grasses such as bamboos or sugar cane. Although the 
name was originally applied to the pith casts, it has through common 
usage come to be understood as applying to the plant in its entirety. 
Other names, such as Arthropitys for one type of stem and Annularia 
for one of the common leaf forms, now refer to different organs of the 
one natural genus. 

Three subgenera of Calamites have been distinguished in the mode of 
branching. In Stylocalamites the branches are few and irregularly 
scattered. This group contains the well-known CalamitesSwkomi(Fig. 
61). Subgenus Calamitina bore branches in whorls but only at certain 
iiodes. All the internodes are short, but the branch-bearing nodes sur- 
mount intemodes much shorter than the others. To this group belong 
Calamites Sachseiy C. SchiltzeiformiSy (Fig. 63 A) and C. undulatus. In 
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the third group, EucalamiteSy branches are borne at every node. There 
are two forms of EucalamiteSy one typified by C. crucAatus (Fig. 63 J5), 
which has many branches per w’horl, and the other by C. carinalus^ 



Fig. (U . — Calamites Svckowii. (Stylocalamites.) Pith cast of main stem ami three hrancheN. 
{After Grand 'Eury.) Reduced. 



Fig. 62 . — Calamites Cistii, Nodal region of pith cast showing alternation of ribs and the 
scars of the infranodal canals X 2. 

which has a pair of opposite branches at each node. Calamites is there- 
fore a large and diversified genus that may ultimately be divided into sev- 
eral when more information concerning the various forms is forthcoming.' 
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It is difficult to form satisfactory estimates of the size of Calamites 
because of the fragmentary nature of the remains. A trunk 10 m. long 
was found in a British coal mine, and medullary casts 1 5 cm. in diameter 
are occasionally found and specimens twice as large are known. It is 
likely that the plants were tall in proportion to the diameter of the trunk 
because the casts usually taper little or none at all over distances of 
several feet. A height of 15 or 20 feet is probably a reasonable estimate 



(4) W 

Fio. 63. — {A) CcUamiles Schiilzeiformu (CaJaniitiiia). X l}/2- (^) Catamites crudatns 

(E ucalamites) . {After Renier.) Reduced. 

for an average tree of most species although trees 30 to 40 feet tall 
certainly existed. 

(Considerable information concerning the manner of growth of Ca/a- 
mites has been gathered from the upright casts exposed in the sea cliffs 
at Joggins, Nova Scotia, which were described many years ago by Sir 
William Dawson. At this place Daw^son saw numerous casts standing 
upright in a layer of sandstone about 8 feet thick, and some of them 
(which presumably were casts, judging from Dawson's description) were 
as much as 5 inches in diameter and showed no decrease in passing from 
the bottom to the top. At one place he reports 12 casts within a distance 
of 8 feet along the face of the cliff. 
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The trianks displayed at Joggins, and similar ones at other places, 
indicate that many of the species of CcUamites^ particularly those belong- 
ing to the subgenus Stylocalamites^ were gregarious plants, which grew 
in dense stands on inundated flats. As the individual plant grew it 
developed an upright stem that was anchored to the muddy soil by 
adventitious roots arising from the lowermost nodes. Branches arising 
near the base turned upward, and they themselves were supported at 
the basal bend by additional roots. This method of branching probably 
repeated itself indeterminately in some species, thus producing a tangled 
or matted mass of roots and horizontal stems that impeded the move- 
ments of sediments and caused quick burial of these parts. The rapid 
accumulation of sand and mud made possible the entombment of long 
lengths of trunks. 

The habit of growth of Stylocaianiites was probably not greatly dif- 
ferent from that of some modern species of Equisetum^ particndarly E. 
hyemale, and the general aspect of a calamitean forest may be visualized 
by imagining a clump of scouring rushes in which the individual* plants 
are enlarged to the proportions of small trees. In other calamitean 
species, especially those of the subgenus EucalarniteSy the habit was 
probably more arborescent. The central trunk piobably arose from a 
horizontal rhizome and the smaller branches spread outward to form a 
symmetrical crown. As for habit, these may be compared with the 
sterile shoots of the common horsetail rush, E. arvenne. However, 
similarities in habit between the ancient Calamites and the modern 
species of Equisetum does not of necessity imply close affinity. 

Anatomy. — A prominent anatomical feature shared by Calamites and 
most species of Equisetum is the large pith which broke down during life 
with the resulting formation of an extensive central cavity which extends 
uninterrupted from one internode to the next. When the stem became 
covered with sediment some of it infiltrated into the pith cavity and 
hardened with little distortion, forming the cast. After exposure by 
decay or carbonization of the surrounding tissues the casts reveal on 
their surfaces the topography in reverse of the inner surface of the vascular 
cylinder. The resemblance between the markings on these casts and 
those on an Equisetum stem was noted years ago, an observation that 
led at the time to correct surmises concerning affinities. The similarity, 
however, amounts only to a superficial resemblance because the markings 
on the casts bear no relation to the surface of the stem. The stems of 
Calamites were ribbed in some instances and smooth in others, but the 
surface ribs do not correspond to those on the casts. 

The ribs on the calamitean pith cast are the counterparts of the fur- 
rows between the inwardly projecting primary wood strands on the inner 
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face of the woody cylinder, and the intervening furrows are the imprints 
of the primary wood strands themselves. Hie ridges on the casts are 
usually from 1 to 3 mm. broad and extend the full length of the intemodes. 
The crest of the ridge is usually rounded, although in some species it is 
nearly flat. The nodes are clearly marked on the surface of the cast and 
the nodal line is represented by a zigzag furrow (Fig. 62). For the most 
part, but not always, the ridges and furrows of adjacent internodes 
alternate with each other. On the upper end of each ridge of most 
species there is a small oval elevation that indicates the position of the 
infranod al canal. These so-called ‘‘canals^' are not empty passageways 
but strips of thin-walled tissue which extended from the pith along 
dilated upper portions of large rays which merge with the pith between 
the primary wood bundles. The position of these infranodal canal 
scars aids in determining the upper and lower ends of the casts because 
of their position below the nodal line. 

It is sometimes possible to determine the mode of branching of a 
calamite from the position of the branch scars on the pith casts. The 
branches came off just above the nodes, and at the base of the branch 
the pith narrowed rather abruptly to a narrow nec^k of tissue connecting 
with the pith of the main stem. This connection is often seen in casts 
of the familiar Calamiles Snekowii (Fig. 61). Some of the older figures 
of the casts show them turned wrong way around because it was origi- 
nally thought that the tapered end was the apex. The main stem was 
tapered at the apex and at the root-bearing base but less abruptly. 

Petrified stems of Calamites are frequent in coal-balls and other 
Carboniferous petrifactions. Anatomically the stems closely resemble 
those of Equisetuntj and were it not for the presence of secondary wood 
in CalamiteSy the two would be virtually indistinguishable in the fossil 
condition. In transverse section the large pith cavity is usually filled 
with crystalline material, but the extreme outer part of the pith, being 
more resistant than the inner part, is often preserved as a narrow zone 
of thin-walled cells lining the medullary cavity (Fig. 64). During 
development, when the tissues differentiated from the terminal meristem, 
a ring of a dozen or more collateral bundles formed around the pith, and 
in many young stems these bundles show as very slightly separated 
strands. In the majority of stems examined a continuous cylinder of 
secondary wood surrounds the primary system. On the inner face of 
the secondary sheath the primary strands project inwardly as slightly 
rounded blunt wedges (Fig. 64JS). At the point of each wood wedge 
there is a conspicuous open space which careful examination of well- 
preserved stems has shown to be identical with the carinal canal of the 
Equisetum bundle. This canal or cavity is the proioxylem lacuna^ whidi 
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formed from the breaking down of the first formed xylem elements during 
development of the primary vascular skeleton of the stem. Within these 
cavities in Calamites disorganized fragments of annular and spiral 



FiO. — {A) Calamitea sp. Transverse section of the xylem cylinder of a small stem. 
X 10. (B) Calamitea (ArtkropUys) ap. Inner portion of stem showing the carinal canals 

in the primary xylem and their relation to the secondary xylem. X about 20. 

tracheids have been observed. External to the canal, the intact primary 
wood consists of scalariform and pitted tracheids that merge with tho 
pitied elements of the secondary wood. 
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The secondary wood of Calamites consists of tracheids and rays. 
The tracheids bear their bordered pits on the radial walls and are essen- 
tially like those of the gymnosperms. The rays, on the other hand, show 
considerable diversity in structure, and have served as the basis for 
generic separation of calamitean stems. Arthropiiys (Fig. 64B), the 
simplest of calamitean stems, has narrow rays seldom more than one 
cell wide. In Arthrodendron and Calamodendron the rays are complex 
structures. In both, the broad primary rays beginning at the pith 
between the wood bundles extend far into the secondary wood dividing 
it into segments, which in turn contain secondary rays of the ordinary 
type. In Arthrodendron the broad primary rays contain zones of verti- 
cally elongated fibrous elements interspersed with ordinary ray paren - 1 
chyma; and in Calamodendron the fibrous portioi]^ are segregated to the 
margins ^vith a band of parenchyma in the hiiddle. Arthropitys is 
the most common type of stem and the others are rare. It has been 
established beyond doubt that that they all belong to Calamites but the 
special names are rarely used except when it is necessary to refer to 
some particular stem type. 

The insertion of the leaf trace is similar in Calamites and Equisetum 
although the point of departure is not so constant in the former. The 
traces usually depart at the nodes from short slanting connections 
between the primary bundles across the nodal lines. No leaf gaps are 
formed and in all cases the trace is a simple bundle. 

Foliage , — The leaves of Calamites are found mostly on the smallest 
branches although they often remained attached after the stems had 
attained considerable size. They are often present at the same i mde s 
that support larger branches. The leaf types most commonly encoun- 
tered are Annularia^^d Asterophyllites, Another, Lobatannularia^ is 
rare, having been reported only from the Permian of China. 

Of the three leaf types, Annularia (Figs. 65 and 66A) probably 
exliibits the greatest diversity in form. Annularia leaves are arranged 
in whorl s aro und the stem, but in most compressions the plane of the 
whiorl lies parallel to the stem. Whether this position existed during 
life is somewhat uncertain although we are reasonably sure that the plane 
was highly oblique if not quite coincident with that of the stem. The 
number of lea«ves in a whorl varies, but usually there are from 8 to 13. 
Th^Iea^i^s"1&^^ or ^atulate w and 

range in length froirTS mm. or less in the very sinall A. gaiioides to several 
centimeters in the familiar and widely distributed Aj^^fj^Uata, In many 
species the midrib is prolonged at the tip into a short but sharp mucro. 
In some leaf whorls the individual leaves are of equal length, but often 
those Isdng nciiist the ^tem ai^ sE^ shorter than those extending 
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la. b6 '-'AnmUarta ntdlaia Leaf ^^horl8 Middle Penns\lvaniaii Htniy Count \ 

MiJsaoun N itural size 



(A) iB) 

IhM 66 — (-*4) Annularva atelltjia Lawrence shales, Virgil series, Pennsylvanian. 
Eastern Kansas Natural size (B) AateraphffUuai aquiaetiformxa Middle Pennsylvanian, 
8out!i0aakrn Ohio, Slightly reduced. 
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away from it. In some compressioiiB tlie leaves of a whorl appear to 
be joined basally into a sheath, but; -whether this is a constant feature 
throughout the genus is doifbtful. 

Little has been found out about the internal structure of Annularia, 
In transTeF made from compressions Waltoti saw in the 

cells of some of the leaves dark elongated inclusions, which are probably 
of the same nature as the starch masses found in petrified specimens of 
A sterophylliles. 

Lobalannularia (Fig. 67) is similar t6 Annularia except that the leaf 
whorl is markedly eccentric and with a gap on that side of the whorl 
toward the base of the branch. The leaves 
near the gap are shorter than the others, and 
there is a pronounced tendency for all the 
leaves to bend forward. 

lioaves of Asterophyllites are slender and 
needlelike and form a whorl around the shoot. 

The number per whorl varies, but there are 
usually from 15 to 30. AsUrophyllitefi equiscti- 
formis is the most (common spexdes (Fig. (>6/?). 

Aiitcrophyllitefi has been found petrified. 

Each leaf has a small vascular strand sur- 
rounded by a starch-bearing bundle sheath. 

A palisade layer connects tliis sheath with the 
epidermis, which contains stomata. It is evi- ^ r , . 

Fig. 67. — Lobatannularia 

dent that the leaves oi Calamites possessed ensifolia. Upper Shihhotse 
chlorophyll and carried on photosynthesis, a series, 
function which in the Recent members oi the {After Halle.) Reduced. 
Sphenopsida has become relegated to the stem. 

The roots oU Calamites were produced adventitiously at the nodes of 
the stems between the leaves. When petrified, they are described as 
Asiromyelon and when compressed as Pinnularia. Structurally, the 
calamitean root bears considerable resemblance to the stem. The pith 
did not become hollow during life, hence no casts were formed, and the 
primary wood strands lack the carinal canals that are such conspicuous 
features in the stem. Large air spaces are often present in the cortex. 
Unlike the stem, the roots are not noded and the branching is irregular. 

Fructifications . — The fructifications of the Calamit§les are of interest 
not only on anatomical and morphological grounds but a3ibo for the bearing 
they have on the problem of the origin and evolution of the Sphenopsida. 
At least five types have been described. Two of them, Calamostachys 
and Palaeostachya (Figs. 68 A and B and 69) have been found as petri- 
factions but compressions only are known of the others. All agree in 
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the possession of a central articulated axis bearing whorls of sporan- 
giophores, and some bear intercalated whorls of sterile bracts. The 
four types, Calamoslaehy>^y Palacostnchya^ Macrostachya, and Cingularia 
are attributed to Calamtfes. The fifth, PothociteSy is the fructification of 
A sterocalamites and is discussed in connection with that genus. 

Calamosfachys is a large and widely distributed organ genus that 
ranges from the Lower Coal Measures into the lower Permian. Cal- 





I'lG. 68. — (A) Calamoatachys Binneyana, Longitudinal section of strobilus showing alter- 
nating whorls of sporangiophores and bracts. X 5. 

(B) Macroatachya sp. Compression of strobilus. Saginaw group. Grand Ledge, 
Michigan. natural size. 

amostachys Binneyana and (7. Casheana, both Coal Measures types, 
are probably the best known species, and will serve as a basis for dis- 
cussion of the genus. 

The cone axis of Calamostachys Binneyana contains a central pith 
surrounded by three or more separate vascular bundles, the number 
being one-half that of the sporangiophores in a whorl. Unlike the stem 
bundles, the cone bundles do not alternate at the nodes but pass continu- 
ously along the axis. The axis supports successive whorls of sterile 
bracts and sporangiophores. The sterile bracts are joined for some 
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distance out from the base but the tips are free. The sporangiophore 
whorls are situated midway between the bract whorls (Fig. 68.4), and 
the number of sporangiophores is about one-half that of the bracts. 
In C. Binneyana there are usually about 6 sporangiophores and 12 
bracts, but the number varies in different parts of the cone, C. tubcr-^ 
culatay a similar species, has more bracts and sporangiophores, sometimes 
as many as 32 and 1 6, respectively. 

The sporangiophores are cruciate organs borne at right angles to the 
axis. The four-armed shield at the end of the stipe bears on its inner 
side four elongated saclike sporangia, which extend back to the cone 
axis. A tangential section cut through the cone will therefore show the 
small stipe in cross section surrounded by four rather large sporangia. 
The sporangial wall is usually one cell thick. 



Fih. 09.” DiaKi aitiH .showiriK the relation of the sporangiophores and st erile bracts in CWamo- 
stachya and Palaeoatachya, (A) Calamostachys. Palaeostachya, 

The spores of C, Binneyana are numerous, are all of one kind, and 
measure about 90 microns in diameter. They were produced in tetrads 
and frequently the members are unequally developed, one or more 
members of the set being larger than the others. However, there is no 
evidence that megaspores and microspofes were formed. The larger 
ones simply developed to a larger size at the expense of the others. 

Calamostachys Casheana is similar in structure to C. Binneyana except 
that it is heterosporous. Some of the sporangia contain numerous 
small spores only slightly smaller than those of C. Binneyana^ but in 
other sporangia there are fewer spores which are about four times as 
large. 

Palaeostachya is organized similarly to Calamostachys except that the 
peltate sporangiophores are situated in the axils of the sterile bracts 
(Fig. 695). One very interesting anatomical feature is that the vascular 
bundle supplying the sporangiophore passes vertically upward to about 
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the middle of the internode (the point where th() spora-npophorc is 
attached in Calamostachys) and then it bends abrupth^ downward and 
enters the sporangiophore at the base. The explanation given for the 
peculiar course of the bundle is that the Palaeostachya cone is a derivative 
of the Calamostachys type and that the sporangiophore has moved from 
a position midway along the internode to an axillary one. 

Macrostachya (Fig. 68 B) is the name given compressions of large 
calamitean cones bearing successive whorls of bracts and sporangiophores 
probably attached as in Calamostachys. The internal anatomy is not 
well understood, and since its chief distinguishing feature seems to be 
size, the name may not designate a type that is morphologically distinct. 
The best known American species is Macrostachya Thomsoni, from the 
middle Pennsylvanian of Illinois. The cone is 21 cm. long by about 2.5 



cm. in diameter, and the whorls, which consist of 30 to 36 bracts, are 5 
to 7 mm. apart. This species apparently is homosporous although the 
spores are said to be from 350 to 400 microns in diameter and therefore 
comparable in size to megaspores. M. infurcdibuliformis, the most 
common European species, is similar, but differs in having fewer bracts 
per whorl and in possessing two kinds of spores. 

Cingularia^ a fructification from the middle Upper Carboniferous, is 
a lax cone in which the horizontally extending sporangiophore is divided 
into an upper and a lower lobe. In Cingularia typica, the most familiar 
species, the upper lobe is a sterile bract. The lower portion is split 
apicalfy into two short lobes and each bears two inferior sporangia 
(Fig. 70). The inferior position of the sporangiophores and sporangia is 
a marked departure from that in other Sphenopsida or other vascular 
cryptogams. In C. CantrilU both the upper and the lower lobes bear 
sporangia, and no sterile bracts or lobes are present within the cone. 
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Asterocalamitkb 

This genus, from the Upper Devonian and Lower Carboniferous of 
Europe, is one of the oldest members of the Calamitales. The pith 
easts, which are similar in general appearance to those of CalamiteSj are 
characterized by nonalternation of the ribs at the nodes. The leaves 
differ strikingly from those of Calamites. They are 5 cm. or more long 
and instead of being simple are forked several times. In this respect 
the Middle Devonian genus Hyenia is resembled. Detached strobili 
probably belonging to Asierocalamites are described as Pothocites. The 
cone axis bears whorls of peltate sporangiophores but only a few sterile 
bracts are present, and in some specimens they have not been seen at all. 
In this respect it resembles Equisetum more than Calamostachys or 
Palaeostachya. 

Resemblances and Differences between C’alamites and I^^quisetum 

The essential points of resemblance are (1) the jointed stems with 
leaf whorls at the nodes, (2) the prominent carinal canals (protoxylem 
lacunae) in the primary wood, and (3) the production of sporangia on 
sporangiophores. The main differences are (1) Calamites has large 
leaves, which apparently contained chlorophyll, (2) Calamites had con- 
siderable secondary wood, and (3) the presence in calamitean strobili of 
whorls of sterile bracts between the sporangiophore whorls.. 

EQUISETALES 

Fossil stems that resemble Equisetum are usually assigned to Equi- 
setites. A few stems referable to Equisetites have been found in the 
('arboniferous, of which Equisetites Hemingwayi from the Middle Coal 
Measures of Yorkshire is the most completely preserv-ed. This species 
has slender jointed stems, and attached at some of the joints are broadly 
oval strobili made up of six-sided peltate sporangiophores. The sterile 
bracts characteristic of calamitean strobili are lacking. The strobilus, 
therefore, is essentially equisetalean but borne in a lateral position. 
Equisetites mirahilis is older, being from the Lower Coal Measures, 
but as its cones are unknown, the affinities cannot be established with 
certainty. 

Equisetites is frequently found in rocks of Mesozoic and Cenozoic 
age but the remains show little to distinguish them from Recent species. 
The Equisetum type of plant is therefore an ancient one, and this genus 
may be rega rded nldpst ai living na.aciila.r p1«.n% 

There were several other equisetalean genera in existence during the 
late Paleozoic and early Mesozoic. One of these is Phyllothecay found 
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principally in the Permian but ext-ending into the Lower Cretaceous. 
Its leaves are united basally into a sheath but terminate as slender 
narrow teeth. The peltate sporangiophores that are borne between the 
leaf whorls bear numerous sporangia. Our knowledge of the plant as a 
whole is rather meager. 

N eocala^nites is a Triassic genus that somewhat resembles CalamiteH 
in habit. Its whorled leaves are arranged in a manner similar to those 
in Annularia but they are free at the base and not joined as they usually 
are in Annularia. It is probably a direct descendant of Calamites. 

Schizoneura is another equisetalean genus of which rather little is 
known. The jointed longitudinally furrowed stems bear leaf sheaths at 
each node that are split into two large multinerved segments on opposite 
sidesj' of the stem. No fructifications havc^ been found. The genus 
ranges from the late Permian to the Jurassic. 

EVOLUTION OF THE SPHENOPSIDA 

Of all those vascular plant groups that have been continuously in 
existence since the late Paleozoic, the Sphenopsida have come nearest 
the point of extinction. A possible exception might be the Psilopsida 
if the Psiloiales are descendants of the PsiloiJiytales. Ilepresented by 
a single genus and about 25 species, the living Equiselales are a mere 
vestige when the group is viewed in the light of its history. The Lycop- 
sida, by contrast, are represented by several hundred species. 

* The Sphenopsida was a diversified as well as a large group during 
the Paleozoic. The class was made up of several divergent lines, the 
largest being the Sphenophyllales and the Calamitales. . The Equisetales 
are closely related to the Calamitales and the probabilities are that 
both rose from some common source during the pre-Carboniferous or that 
the Equisetales developed as an offshoot of the older calami tean stock. 
The Sphenophyllales are more remote and stand out as a distinct order 
as far into the past as they can be traced. They probably emerged 
from some primeval sphenopsid stock before the Equisetales and Cal- 
amitales became separate. Sphenophyllum is older than Calamites. It 
has been found in the Upper Devonian.\ The Pseudoborniales prolmbly 
represent an extremely ancient branch of the sphenopsid complex of 
relatively short duration which became extinct at an early date. 

A possible explanation of the diversification within the Sphenopsida 
may be that during early Devonian times, or maybe even before, the 
primordial sphenopsid stock emerged as a branch of the psilophytalean 
complex. The oldest evidence to support this is found in the Middle 
Devonian Hyeniales. These plants had retained the dichotomous 
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habit, which was so strongly entrenched witliin the Psilophytales, but 
the fertile branches became shortened to mere side shoots with bifurcated 
recurved tips. In the original condition all these modified side shoots 
bore sporangia, but gradually the lower ones became sterile. Sterilization 
progressed upward, ultimately resulting in a leafy shoot bearing at its 
tip a spikelike cluster of fertile stalks. Therefore both the leaf and the 
sporangiophore of the Sphenopsida may be considered as having been 
derived from the bifurcated fertile appendages of the Hyeniales and 
hence are homologous structures. A semblance of the original bifurca- 
tion is retained in the form of the sporangiophores of the different 
Sphenopsida. They are peltate and cruciate in Equisetum and Calamiks 
and more or less bifurcate in Sphenophylhim, The leaf has undergone 
more change than the sporangiophore. In Sphenophyllum the cuneiform 
leaf, which is often split apically, reflects the original bifurcate organ as 
does also the leaf of A sterocalamites and Pseudoboniia, In the leaves of 
Caiamites and Equiaeturriy on the other hand, simplification has been 
carried out to the extreme, there remaining practically no trace of the 
original forked condition. 

The morphology of the sterile bracts in the cones of certain of the 
sphenopsids presents a special problem that has received several explana- 
tions. One is that the bracts and sporangiophoies are lobes of dorsally 
divided sporophylls. In Cingularia Cnntrilli both lobes have remained 
fertile, whereas in C. typica the upper lobes are sterile. Then in Bow- 
maiiites and Pcdaeostachya the upper lobe is the fertile one, and in Cal- 
amostachys the fertile lobe, or sporangiophore, has moved upward about 
midway between adjacent whorls of sterile lobes. This ^dew, however, 
seems unlikely when the course of the vascular bundles supplying the 
sporangiophores is considered. Other investigators have held that 
either the bracts are sterilized sporangiophores or that the sporangio- 
phores are fertile leaves, and thus homologous with true sporophylls. 
A more recent proposal is that the sterile bracts have intnided the cone 
from below, and in the cones of theTCaToMdsta^ys and Palaeosiaehya 
types have become regularly intercalated between the sporangiophore 
whorls. The various arguments for and against these several theories 
cannot be discussed, but considerable significance should be attached to 
the fact that in the oldest of the Calami tales, Asterocalamites^ the sterile 
bracts are irregularly dispersed and sometimes absent, thus approaching 
the Calamostachys condition only in part. If the last mentioned explana- 
tion of the presence of sterile bracts in the calamitean cone is accepted, , 
then Equisetum has either lost its sterile members or (and this seems 
more probable) it never had them. The sporangium of Equiseimi 
would then be a very primitive organ derived from the fertile branch 
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tip of the Psilophytales. Consequentl 3 ’^ the fructifications of the Cal- 
amitales would be the derived forms. 

In conclusion, it may be stated that the sphenopsid stock contains 
several divergent lines which are interrelated only in so far as they may 
be assumed to have had a common origin. The Sphenopsida are entirely 
remote from the lycopods, ferns, or seed plants. Although the sphenop- 
sids and the lycopods are essentially alike in their cryptogamic methods 
of reproduction, the similarities in the life cy(‘,les of the two groups are 
certainly to be accounted for as a result of parallel development. 

THE NOEGGERATHIALES 

This group of plants, which ranges from the Permo-Carboniferous 
to the Triassic, is of uncertain position in the plant kingdom, and its 
inclusion following the Sphenopsida is mainly a matter of convenien(‘e. 
The Noeggerathiales show more points of resemblan(*e with the Sphen- 
opsida than with an,y oth(ir class although they are not embodied within 
it as it is ordinarily defined. Some authors establish the Noeggerathiales 
as a group of vascular plants distinct from the lycopods, sphenopsids, 
and ferns and would give them equal rank. This, however, seems 
unjustified in view of our meager knowledge of its members. 

The two genera making up the Noeggerathiales are N oeggeralhia and 
Tingia, In Noeggerathia the leafy shoot bears two rows of obovate 
leaves spread in one plane but each leaf is slightly obliciue to the axis. 
The branch was originally thought to be the compound leaf of a cycad or 
fern. Each leaf has several dichotomizing veins that terminate at the 
distal margins. In Noeggerathia foliosa, the species with the best pre- 
served cones, the latter are terminal on the vegetative shoots and are 
made up of sporophylls that are shorter and relativelj^ broader than the 
foliage leaves. They are nan-owed at the point of attachment and the 
arrangement is the same as that of the leaves. About 17 sporangia are 
situated on the upper surface in longitudinal and transverse rows. Two 
kinds of spores were produced. The microspores, which measure 
approximately 100 microns in diameter, are thin walled with slightly 
roughened coats. The megaspores, whicdi are about eight times as large, 
are round, thin walled, and have smooth coats. The spores, therefore, 
are quite similar to sphenopsid spores in general. 

In Tingia the leaves are longer than those of Noeggerathia, In some 
leaves the margins are nearly parallel and the apex is irregularly cut. 
The leaves are arranged in four rows with those in two of the rows 
slightly shorter than the others. The cones are borne in pairs on bifur- 
cated branches, but whether they are terminal or lateral is undecided. 
The cone consists of tetramerous whorls of long, free sporophylls with 
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upturned tips. The quadrilocular sporangia are supported upon the 
upper surface of the horizontal part of the sporophyll a short distance 
away from the axis, and there is some evidence that they are borne on a 
short stalk. This latter feature has cc^nsiderable value in deto- 
mining the affinities of the genus because its presence would strengthen 
the assumption of proximity to the Sphenopsida. Preservation, however, 
is inadequate to show with certainty the attachment of the sporangium. 

It must be admitted that there are few^ genuine sphenopsid characters 
in Noeggerathia and Tingia. There is no suggestion of articulation in 
either the stems or the reproductive organs, and of the two genera, 
Noeggerathia is less of a sphenopsid than Tingia. It is mainly the sug- 
gestion of a short stalk beneath the sporangium of Tingia that impels 
comparison with the Sphenopsida, although as mentioned the spores 
are not unlike those of other sphenopsids. Those who maintain that the 
Noeggerathiales should be placed within a class by themselves are 
probably right, but our present knowledge of them is insufficient to 
place them on a i)ar with other groups. 

References 

iiROWNK, \ot(‘s on oonos of the ( 'alamostach ys type in tln‘ Renault and 

Roche {•olleetions, AnnaLs of Botany^ 39, 1925. 

: A new theory of the morphology of the calarnarian <*one, Annals of Botany, 

41, 1927. 

: The Noeggerathiae and Tingiae. The effect of their recognition upon the 

classification of the Pteridophyta: an essay and a review, New Fhytologist, 32, 
1933. 

Darrah, W.C'.: a new Maorostachya from the Carboniferous of Illinois, Harvard 
Univ. Boi. Mus. Leaflets, 4, 1936. 

Halle, T.G.: Palaeozoic plants from central Shansi, Palaeontologia SinicUy ser. A, 2, 
1927. 

Hartung, W.: Die Six)renverha.ltnisse der Calainariaceen, Abh. Inst. Paldohot. u. 
Petr. Brennst.j 3 (6), 1933. 

Hemingway, W.; Resciarches on Coal- Measure plants. Sphenophylls from the 
Yorkshire and Derbyshire coal fields, Annals of Botany^ 4C, 1931. 

Hirmer, M. : ‘‘Handbuch der Palaobotanik,'' Munich, 1927. 

Hickung, G.: The anatomy of Palaeostachya vera, Annals of Botany, 21, UK)7. 
Hoskins, J.H., and A.T. Cross: Monograph of the Paleozoic cone genus Bowmanitea 
(Sphenophy Hales), Am. Midhind Naturalist, 80, 1943. 

Kidston, II., and W.J. Jongmans: ‘^Monograph of the Calamites of Western Europe,'^ 
The Hague, 1915. 

Krausel, R., and H. Wetland: Beitrage zur Kenntnis der Devonflora, II. Sencken- 
berg, naturf. Gesell. Abh., 40, 1926. 

Lacey, W.S. : The sporangiophore of Calamostachys, New Phytologist, 42, 1943. 
Leclercq, S.: Sur une 6pi fructif6re de Sph6nophyllale8, I. Ann. soc. gSol. Belg,, 68, 
1935; II. ibid., 69, 1936. 

: A propos du Sphenophyllum fertile Scott, Ann. soc. giol. Belg., 60, 1936. 

Scott, D.H.: ** Studies in Fossil Botany,” 3d ed., Vol. 1, London, 1920. 



150 


AN INTRODUCTION TO PALEOBOTANY 


Schultes, R,E., and E. Dorf: A sphcnopsid from th(‘ Lower Devonian of Wyoming, 
Harvard Univ. Hot. Mus. Leajkt^ 7, 1938. 

Seward, A.D. : '‘Fossil Plants,’^ Vol. 1, Cambridge, 1898. 

Thomas, H.H. : On the leaves of Catamites (Calamocladns section), Royal Soc. London, 
Philos. Trans. j B 202, 1911. 

Walton, J. : On the factors which influence the external form of fossil plants, with 
descriptions of the foliage of some .species of the Paleozoic* ecjuisc'talean genus 
Annularia, Royal Boc. London Philos Trans. ^ B 226, 193(). 

Williamson, W.(\, and D.H. Scxm’: Further observations on tin* (»rganization of 
fossil plants from the (\)al Measures, 1. Calamites. (\ilamosiachys and Sphmo- 
phylhntij Royal Soc. London Philos. Trans. ^ B 186, 1894. 



CHAPTER VII 


PALEOZOIC FERNLIKE FOLIAGE 

The prevalence of fernlike foliage in the Carboniferous rocks many 
years ago won for that period the name ''Age of Fems/^ and the notion 
that the Carboniferous flora was predominantly filicinean persisted until 
tlie beginning of the present century. Following the epoch-making dis- 
covery that some of this foliage belonged to seed plants rather than to 
(cryptogams, the question arose and considerable discussion ensued con- 
cerning the relative abundancce of ferns and seed plants in the Carbon- 
iferous. Suggestions wcie even made that ferns might not have existed 
at all during this time, but we know now that the Carboniferous rocks 
(contain the remains of many kinds of ferns, most of which have long 
been extinct. However, we have no infallible methods of separating 
fern and seed-fern foliage unless fructifications are present or diagnostic 
anatomical structures are preserved. 

The first successful attempt to classify the various forms of Paleozoic 
fernlike foliage was made by Brongniart who in 1828 published his 
"Prodrome d’une histoire des v6g6taux fossiles,^' in which he instituted a 
number of provisional g(mera based upon shape, venation pattern, and 
mode of attachment of the pinnules. At about the same time Sternberg, 
ifi a series of volumes, described additional genera. In 1836, Goppert, 
in a work entitled "Die Fossilen Farnkrauter,^^ endeavored to classify 
fossil fernlike foliage according to its resemblance to recent genera, and 
he proposed many such names as GleicheniteSj Cyatheites, AspleniieSy 
AneimiteSj etc. Many of Goppert ’s genera were the same as those pre- 
viously described by Brongniart and Sternberg and consequently have 
been abandoned on grounds of priority, although a few, as AneimiteSy 
for example, are still used. Many years later Stur and Zeiller based a 
few additional generic names upon the mode of branching of the fronds, 
but this methcxl of classification is of limited use because of the usual 
fragmentary nature of the material. During the latter half of the last 
century many spore-bearing fructifications were found in association with 
certain of the leaf types, and some authors, Stur, Zeiller, Weiss, and 
Kidston in particular, adopted the practice of substituting the name of 
the fructification for that proposed by earlier authors for the vegetative 
fronds. Where the fructifications are known, a classification based 
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upon them is preferable to that based upon vegetative characters alone 
because it more nearly approaches a natural one. Nevertheless, those 
names originally proposed for sterile parts are still freely used where 
necessary. 

The artificial genera proposed by Brongniart and subsequent authors 
are of limited biological value because they often include unrelated 
species, but they are sometimes useful in stratigraphic corrt^lation. 
Certain forms, or an assemblage of forms, may be characteristic of a 



Fig. 71. — Diagrams showing the manner of division of the frond. Monopodial typo. 

{A) Simply pinnate frond, ifi) Bipinnate frond. (C) Tripiunate frond. 

given formation or of a lesser stratigraphic unit, and it was mainly on 
the b^ t V ' femlike foliage that David White discovered distinct floral 
zones in t Pottsville (lower Pennsylvanian) series of the Eastern 
United States. In like manner, Robert Kidston was able to separate 
the four major divisions of the Coal Measures of Great Britain, and 
in continental Europe similar divisions of the Westphalian have been 
Quite recently W.A. Bell has successfully subdivided the Car- 
boniferous rocks of Nova Scotia by similar means. 

The architectural plan of the leaf, or frond, of the Paleozoic ferns and 
seed-ferns is similar to that of many of the recent ferns. The frond 
was attached to the main stem of the plant by a stalk or petiole of varying 
length and sometimes of considerable size. In order to support the 
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weight of the large and much branched frond, the petiole was usually 
provided with considerable supporting tissue in the form of subepidermal 
strands, which often show as ribs or furrows on the compression surfaces. 
Externally the petioles were either smooth or covered with emergen(*es 
such as glandular hairs or trichomes. The branching of the frond was 
various. In some fronds the petiole forked near the top into equal 
branches, and sometimes a second dichotomy produced four branches in 
two pairs (Fig. 72). In others the petiole continued as a central shaft 
to the apex and bore its subdivisions in a pinnate manner (Fig. 71). 
This part of tlu* stalk (or its divisions if dichotomously forked) is the 



J’lG. 72. — Diagram of the four-parted frond of Mariopteris. Dichotomous type: a, primary 
rachis; h, secondary rachis; c, tertiary rachis; d, pinna rachis. {After Corsin.) 

rachis. The pinnae, Avhich are the subdivisions of the rachis, may be 
opposite, subopposite, or alternate upon the rachis and they are all 
arranged in the same plane as the rachis. The plane of the individual 
pinna, however, is sometimes at right angles to that of the rachis as in 
the case of those Paleozoic ferns belonging to the Zygopteridaceae. In 
others the plane of the pinna is the same as that of the frond. The 
pinna bears its subdivisions upon the pinna rachis, which of course is a 
branch of the main rachis. If the main rachis bears pinnules only 
and is without pinnae, the frond is simply pinnate (Fig. 71^4), but if the 
pinnules are borne in pinnae the frond is hipinnate (Fig. 71JB). Further 
subdivisions make the frond tripinnaie (Fig. 71C) or quadripinnate, as 
the case may be. The first major subdivision of the frond, regardless of 
whether there are further subdivisions, is a primary pinna, and the sub- 
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sequent divisions produce secondary and tertiary pinnae. The pinnules 
themselves may be variously notched and divided. The tendency is for 
the frond to produce its more complex divisions near the base and to 
become simpler toward the tip where the pinnae gradually become so 
reduced in size that they become replaced by ordinary pinnules. The 
frond, or any of its subdivisions, is usually terminated by a simple 
pinnule that is often longer or larger than the others. 

IMPORTANT FORM GENERA OF PALEOZOIC FERNLIKE FOLIAGE 

1. PiNNULKS ThIANGULAK OH WITH NeAHLY PaRALT.EL OH SlTGHTLY 
Convex Margins, and Broadly Attached 

The midrib is distinct and continues most or all of the way to the apex. 

Alethopteris. — The pinnules are usually fairly large (up to 5 cm. in 
length), longer than broad with a rounded or pointed apex, usually 
decurrent especially on the lower side, ^^^th a deep midrib that in most 
species extends to the apex. The lateral veins are distinct, are simple or 
fork one or more times, and depart at a steep angle hut cui*ve abruptly 
outward and pass straight or along a broad arc to the margin. Those 
veins in the decurring portion arise directly from the rachis (Figs. 73C 
and 105A). 

Alethopteris is widely distributed throughout the Coal Measures. 
It is almost always present wherever fernlike plants occur but is seldom 
as plentiful as Neuropteris or Pecopteris. Most species are l)elievod to 
belong to or are related to the seed-fern Medullosa. The seeds and 
pollen-bearing organs have been found attached in a few instances. 

Lonchopteris. — This is similar to Alethopteris except that the veins 
form a network. It is restricted to a few horizons in the Upper (!)ar- 
boniferous, and in North America has been found only in the Sydney 
coal field of Nova Scotia. 

Callipteridium, — This form genus is similar to Alethopteris and is 
sometimes confused with it. The pinnules differ from those of Ale- 
thopteris in being more blunt and not at all or only slightly decurrent. 
It also bears small accessory pinnae on the rachis between the normal 
pinnae. Some of the small forms resemble Pecopteris except that some 
of the veins enter the pinnule directly from the rachis. It is less common 
than either Alethopteris or Pecopteris, 

The foliage included in Callipteridium probably belongs to more than 
one genetic group. Some forms tend to merge with Pecopteris and 
Alethopteris on one hand and with Odontopteris on the other. C, Sulli- 
vantii, a species that is common in the lower Allegheny series of Illinois 
and Missouri, is included by some authors in Alethopteris, 




162 


AN INTRODUCTION TO PALEOBOTANY 


Megalopteris . — The frond is cut into large, long, strap-shaped pinnules 
that are sometimes bifurcated nearly to the base. The midrib is strongly 
developed, and the rather line lateral veins after forking one or more 
times ascend to the margin at a steep angle or bend sharply and pass at 
right angles to it (Fig. 74G). 

Because of the fragmentary condition in which Megalopteris is 
usually found, it is sometimes confused with Taeniopteris. Taeniopteris, 
however, has a simple undivided loaf and a distinct petiole, and occurs 
in the late Pennsylvanian, the Permian, and the early Mesozoic. Meg- 
alopteris has been found only in North America where it occurs most 
abundantly in the Conequenessing stage of the upper Pottsville. The 
plant is probably a pteridosperm. No seeds or other re{)roductive 
structures have been found attached but it is often associated with large 
broad- winged seeds of the Samaropsis Newherryi type. 

Pecopteris . — The pinnules are usually small with parallel or slightly 
curved margins and are attached by the w hole width at the base or arc^ 
sometimes slightly contracted. A single vein enters the base and extends 
almost to the tip. The lateral veins are rather f(w\', are simple or forked, 
and straight or arched. The pinnules stand free from each other or 
they may be partly joined laterally (Figs. 14, 73/ and J , and 74/)). 

Pecopteris embraces a large and artificial assemblages of fronds belong- 
ing to several natural genera. Many have been found bearing fernlike 
fructifications such as Asterotlieca, Scolecopteris, or Ptychocarpus^ and 
others bear seeds of pteridosperms and other organs believed to be 
pollen-producing structures. Some authors dispense with the name 
Pecopteris for those forms in which the fructifications are knowm and 
apply the names of the fructifications. The pecopterids extend from the 
early Pennsylvanian into the Permian, but they are most abundant in 
the middle and late Pennsylvanian and early Permian. 

Mariopteris , — The coriaceous lobed or unlobed pinnules are either 
broadly attached or more or less constricted. They may be free from 
each other, or decurrent and joined, and the margin may be undulate or 
toothed. A rather pronounced midvein extends nearly to the apex of 
the pinnule. The lateral veins are forked, and depart from the midvein 
at an acute angle. The basal pinnule on the posterior side of the pinna 
is distinctly larger than the others and is rather prominently two-lobed 
(Figs. 72, 7SK, and 74i/). 

The pinnules of Mariopteris do not differ greatly from those of 
PecopteriSy and indeed the genus was founded by Zeiller upon certain 
pecopterid forms in which the subdivisions of the fronds appeared 
distinctive. It also contains some types originally contained in 
Sphmopteris. 
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Fig. 74.— Foliage of Paleozoic ferns and pteridospernis. (A) Eremopteria sp, Saginaw 
group, Michigan. (B) Sphenopteris artemiaaefolioidea. Saginaw group, Michigan. (C) 
Sphenopteris obtusiloba. Saginaw group, Michigan, (D) Pecopteria candoUeana. Coffey- 
ville formation, Oklahoma. {E) Linopteria muenateri. Enlarged pinnule showing the 
neuropteroid form and anastomosing venation. Carbondale group, Morris, Illinois. (F) 
Neuropteria plicata. Carbondale group, Braidwood, Illinois. (G) Megalopteria sp. Apical 
portion of frond showing apices of four large segments. Pottsville series, Logan County, 
West Virginia. (H) Marioptaria aphenopteroidea, Des Moines series, Henry County, 
Missouri. 
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The morphology of Mariopteris has been variously interpreted but 
its essential structural features are as follows: A geniculate axis, which 
may be as much as 2 cm. in breadth, gives off alternately arranged (some 
authors claim spirally arranged) branches, which divide into four by two 
successive dichotomies. Each dichotomy is at a wide angle, and the 
two innermost branches of the second dichotomies are longer than the 
other two. These four ultimate branches in turn bear the primary 
pinnae, which may themselves in turn be bipinnate, tripinnate, or even 
quadripinnate. The larger portions, however, are naked, no pinnules 
being borne upon the subdivisions below those of the second dichotomy. 
Most species of Mariopteris are believed to be pteridosperms although no 
fructifications have been found attached. 

Alloiopteris. — The pinnules are small, alternately arranged, decurreiil, 
and more or less united laterally. The vein entering the pinnule branches 
tvro or three times and the veinlets pass at a steep angle to the apcix 
where they terminate usually in three more or less prominent teeth 
(Fig. 73//). 

In the fertile condition this leaf type is known as Corynepieris. Jt is 
rare but widely distributed, and is believed to represent the frond of the 
fern Zygopteris, 

IT. Pinnules Rounded on Tapeking or with Parallel Sides, 

OR Oval or Tongue Shaped 

Midrib, if present, is often indistinct and usually breaks up into 
separate arched veins at one-half or tw o-thirds of the distance to the 
apex; margin usually entire. 

Neuropteris. — The pinnules are constricted basally to a narrow' point 
of attachment. The base is rounded to cordate and often slightly 
inequilateral. One vascular strand enters the pinnule from the ra(;his, 
which gives off arched, dichotomously forked veins (Figs. 73£^, 74/", 105//, 
106, and 179A, and J5). 

Neuropteris is probably the most abundant and widely distributed of 
the Carboniferous fernlike leaf types, and it ranges from the Lower 
Carboniferous to the late Permian. It is most abundant in the Penn- 
sylvanian, especially the lower and middle parts. It is one of the leaf 
forms of the Medullosaceae and seeds have been found attached to several 
specimens. , The so-called ^^neuroalethopterids^’ resemble the true 
neuropterids except that the midrib is distinct and extends (as in Afe- 
thopteris) almost to the tip of the pinnule. Examples are Neuropteris 
Elrodif N. Schlehani, and N. rectinervis, 

Cyclopteris. — The pinnules are large and rounded or auriculate. 
The veins radiate outwardly from the point of attachment. Cyclopteris 
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is not a distinct morphological type, the name being applied usually to 
the rounded basal pinnules often present on the fronds of Neuropteris 
or other genera. 

Ltnopieris {Diciyopieris ) . — The pinnules are similar to those of 
Neuropteris but the veins form a network as in Lonchopteris. The genus 
is widely distributed but is rather rare (Fig. 74E). 

Odoniopteris, --The often decnirrent pinnules are attached by a» 
broad or slightly narrowed base, and the arched veins enter directly 



Fici. 75, — Adolphe Th6odore Brongniart. 1801-187G. 


from the rachis. In some forms the veins in the central portion are 
more or less aggregated into a midrib (Figs. 73/1, and B). 

Odontopteris ranges from the lower Pennsylvanian into the Permian, 
and some species are important ' 'index fossils.’^ The members of the 
group are believed to be pteridosperms. 

Mixoneura , — This is a group of foliage types that presents characters 
intermediate between those of Neuropteris and Odontopteris. It resembles 
the former in having narrowly attached pinnules, but one, or more, of 
the basal veins passes directly from the rachis into the pinnule. Toward 
the tip of the pinnae the pinnules tend to become more odontopteroid. 
It is probably derived from the Neuropteris type (Fig. 73F). 
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Lescuropteris {Emplvctopteris). — This form resombles Odonlopteris 
except that the veins form a network. Seeds have been found attached. 
It is a rare type from the late Pennsylvanian and Permian. 

111. Pinnules Nakhow at the Base, Often Shortly Stalked, 
AND Usually Toothed or Lohed 

Sphcnopteris. — The pinnules are contracted at the base and often 
attached by a short stalk. They are usually small, oval or oblong in 
outline, and lobed or toothed or sometimes cuit into narrow acute or 
obtuse lobes. The midvein is straight or flexuous. The lat(u*al veins 
depart at an acute angle and dichotomize a few times, and then pass 
either singly or in groups to the tips of the lobes of the pinnule (Figs. 
73C, and d\ and C). 

Sphcnopteris is one member of a large and diversified group of leaf 
types that first appeared in the Devonian and became widely spread 
during the Carboniferous. It represents a primitive type of foliar organ. 
In the lower portion of the Coal Measures, Sphcnopteris is represented 
by many specaes, and although it persists as a prominent member of the 
flora of the Middle and Upper Coal Measures, it be(‘oines subordinate 
ill numbers to the neuropterids and pecopterids. Some of the sphenop- 
terids bore fernlike fructifications and others produced seeds. S. 
lloeninghaitsi is the frond of Calymmatoihcca Hocriinghausi, a pterido- 
sperm, but others belong to the fern genera Oligocarpia and Vrnaioptcris, 

Diplothmema, — This genus was proposed by Stur for fronds bearing 
Sphcnopteris foliage but in which the leaf stalk below the lowest jiinnae 
is equally forked. In some forms each branch forks a second time 
much after the manner of Mariopteris, It is therefore impossible to dis- 
tinguish sharply between Diplolhmcma and Mariopteris, l)ut in general 
Mariopteris bears pecopteroid pinnules whereas in Diplothnicma they are 
usually sphenopteroid. Where the forking of the frond cannot be 
observed, neither of these criteria is always easy to apply although the 
coriaceous character of most forms of Mariopteris is sometimes diagnostic. 
Lesquereux segregated certain species of Diplothmema into the genus 
PseudopecopteriSj but the name is not widely used. ^ 

Rhodea. — The pinnules of this genus are divided by dichotomous divi- 
sions into narrow segments in which the single vein is bordered by a very 
narrow band of the lamina. Rhodea bore fructifications of various types 
including Telangiuniy IJrnatopteriSy and Zelleria. It is most common in 
the Lower Carboniferous but extends into the Upper Carboniferous. 

1 For a recent discussion of the genus Diplothmema and the use of the name, the 
reader is referred to a posthumously published paper by David White cited in the 
bibliography. 
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Rhacopteris, — The pinnules of this form are semiflabelliform or 
rhomboidal and are entire or shallowly or deeply cut into slender lobes. 
They stand out from the rachis at a wide angle. There is no midvein, 
and the \iltimate veins si)read equally throughout the lamina and ter- 
minate in the marginal lobes. The genus is characteristic of the Lower 
Carboniferous. 

Aneimites. — The pinnules are fairly large (sometimes as much as 4 cm. 
long) and pyriform or ovate. They often have convex basal margins, 
which converge into a sttnit footstalk. The apex is entire or rounded or 
it may be cleft into two or more rounded segments separated by a sinus 
of varying depth. The dichotomously forked veins radiate evenly 
throughout the pinnule. Forms in which the pinnules are rather dis- 
tinctly three-lo})ed are sometimes assigned to Triphyllopteris (Fig. 
178/y), but this genus is not readily distinguishable from Aneimites, 

Aneimites is (‘haractc^ristic of the Lower Carboniferous. Several 
s]3ecies of Triphyllopteris have been named from the Pocono and Price 
formations of Pennsylvania and West Mrgina. 

EremopUris, — In this genus the pinnules are decurrent, lanceolate to 
spathulate or rhomboidal, toothed or entire, forwardly pointing, and 
coalescent toward the tip of the pinna but tending to become more 
divided and open tov ard the base. The lower inferior pinnule of each 
pinna is axillary and deeply cut,. There is no midrib and the venation 
is dichotomous (Fig. 74A), 

Eremopteris is diffeiently interpreted by authors, some including in 
it species normally retained within Sphenopteris. It differs from a true 
Sphenopteris by the lack of a midrib in the pinnules. The frond is 
large and much branched, and is usually pn^served as fragments. Its 
fructifications are unknown but it is probably a pteridosperm. 

In the foregoing pages those form genera of Paleozoic fernlike foliage 
are described which are either in most common usage or are distinctive 
for some reason or other. The others, of which there are several, are 
rare or are restricted to a few horizons or are segregates of better known 
types. For the most part the types described are characteristic of the 
Mississippian and Pennsylvanian of North America or of the Lower and 
Upper Carboniferous of Europe. When spore-bearing organs are found 
attached to a frond belonging to any of these leaf genera, the usual 
practice is to replace the form genus name with that of the fructification 
if it has been pre\dously named. Seed-bearing fronds, on the other 
hand, have usually retained the name of the frond (as for example, 
Alethopteris Norinii and Neuropteris heterophylla)^ or the name of the 
stem if it happens to be known. 

Of the hundreds of species of pteridophylls that have been described 
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from the Carboniferous, relatively few have been found bearing fructi- 
fications. The discovery of the fructifications assists greatly in deter- 
mining affinities. 
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CHAPTER VIII 


THE ANCIENT FERNS 

The ferns have a long; history that has been traced to the middle of 
the Devonian period. The oldest ferns are only partly distinct from 
their psilopliytic forebearers, but in the late Devonian we find them 
standing out against the landscape as prominent elements of the flora. 
Ferns increased markedly in species and in numbers of individiials during 
the early Carboniferous, and they had become a diversified plant group 
before the (dose of the Paleozoic coal age. Some of the Paleozoic ferns 
appear to be related to modern families. The Filicinae were more 
suc(^essful than the ccmtemporaneous lycopods and scouring rushes in 
their struggle against the adverse climate of the late Permian, and they 
survived into the Mesozoic in large numbers. Not until the Jurassic do 
they show much tendency toward a large-scale decline. Ever since the 
close of the Paleozoic the ferns have been the most successful vascular 
cryptogams and today they constitute the largest class. The Recent 
flora contains approximately 175 genera and 8,000 species as compared 
with a total of 700 lycopods and 25 scouring rushes. 

Early paleobotanical writers believed that ferns outnumbered other 
plants during the late Paleozoic, a notion which has not completely 
disappeared even at the prescmt time. Many individuals still regard 
the finely divided fossil fronds found on coal-mine dumps as ferns although 
it was demonstrated more than four decades ago that many of these 
ancient fernlike plants bore seeds. Although the emphasis once placed 
on ferns in the literature was excessive, they were, nevertheless, important 
plants of the late Paleozoic. Because of their long history, and the fact 
that their anatomical and reproductive features indicate relationships 
in many directions, the ferns have entered strongly into phylogenetic 
controversy. In the most modern systems of classification in which all 
phases of the structure and life histories of plants are taken into account, 
the ferns are classified along with the gymnosperms and flowering plants 
in the Pteropsida, which is believed to be a mare natural group than the 
Pteridophyta to which they are traditionally assigned. 

Because of the general similarities in the life cycles of ferns and the 
Bryophyta, the two are closely associated in morphological thought. 
This association is the result of resemblances in the structure of the 
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sex organs, the production of spores which germinate outside the sporan- 
gium, and the well-defined alternation of generations. In addition to 
these, the ferns and bryophytes often occupy similar habitats. On the 
other hand, there are numerous differences of such an obvious and 
fundamental nature that any close phylogenetic relation between them 
is precluded. The resemblances are superficial and the result of parallel 
development. 

Anatomical Characteristics of Ferns 

The ferns exhibit more variety in bod^^ structure than any other 
group of vascular plants of comparable rank. Some of them have simple 
vascular systems, whereas others have them built along complicated 
lines. The primary xylem is exarch or mesarch (usually the latter) and 
consists for the most part of scalariform tracheids. In Pteridhim some 
of the largest tracheids lose the closing membranes of the scalariform pit 
openings and thus take on the characteristics of vessels. The stele may 
be a protostele {Gleichenia), a siphonostele {Adiantum and Dicksonia)^ or 
a dictyostele {Cyathca and Pteridium), Of these the protostele is the 
most primitive, and the dictyostele of the Plcridium type, in which the 
bundles are not arranged in a circle, is the most advaiued. The leaf 
traces are usually large, and they present a variety of appearances in 
cross section. The leaf gaps are usually conspicuous as large breaks in 
the continuity of the vascular cylinder. In the protostelic and sipho- 
nostelic types the phloem is present as an unbroken zone completely 
surrounding the xylem core, and in the dictyostelic forms it may surround 
all the xylem (Osmunda) or it may ensheath each individual strand 
{Pteridium). Internal phloem occurs in several genera {Dicksonia). 
Secondary xylem is extremely rare in ferns, occurring in living forms 
only in the genus Botrychium. Instead of the production of secondary 
vascular tissues as a means of supplying the larger plant body, the fern 
vascular system breaks up into separate strands or adds to its bulk by 
the development of folds and accessory strands. Thus in the tree ferns 
belonging to the Cyatheaceae the stele in many species changes gradually 
from a siphonostele in the basal part of the trunk to a dicityostele of 
large dimensions accompanied by medullary strands in the higher parts. 
In others, especially in the Polypodiaceae, Matoniaceae, and Mar- 
attiaceae, inward projections of the stele may develop into accessory 
strands, or in some cases into complete internal cylinders. 

The fructifications of modem ferns are synangia or individual sporan- 
gia borne singly or in soii. An annulus may or may not be present. 
The fructifications are usually borne upon the under surface of the 
unmodified pinnules, although in many ferns they are marginal, and 
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occasionally (as in Onoclea) the fertile foliage may be slightly modified by 
a reduction of the lamina. They are never on sporangiophores or on the 
upper surface. The spores are small and numerous. The exines are 
winkled or variously marked, and the triradiate tetrad scar is usually 
visible. Hetcrospory is present in living ferns only in the Marsiliaceae 
and the Salviniaceae. This brief generalization of recent ferns may 
serve to some extent as a basis for understanding the ancient forms. 

THE OLDEST FERNS 

The abundancre of ferns and fernlike plants in the Carboniferous 
naturally arouses curiosity concerning their earliest history. It is 



Fig. 76 . — Protopferidium miniitum. Branch sy.stem showin*? the ultimate subdivisions 
flattened into leaflike organs. {After Halle.) X about 2. 

possible that they developed at some time during the late Silurian or 
early Devonian as an offshoot from the psilophytic complex. When 
first suggested, this was merely a supposition not based upon any known 
links between the ferns and Psilophytales, but now four genera are known 
from the Middle Devonian that appear to combine some of the character- 
istics of the tw^o groups. One of these is Protopteridium (Fig. 76), from 
Belgium, Scotland, Eastern Canada, Bohemia, and China. The plant 
consists of sympodially branched axes upon which the ultimate branches 
are dichotomously divided, and some of the latter are flattened in such 
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a manner as to suggest a primitive frond. Oval sporangia are borne at 
the ends of some of the smallest subdivisions and on one side of the 
sporangium there is a band of specialized cells along which the sac 
apparently split when the spores were mature. The upper Middle 
Devonian Hamilton formation of western New York has yielded three 
petrified stems, which also appear to occupy an intermediate position. 
The simplest of these, and the one apparently closest to the Psilophyt- 
ales, is Arachnoxylon (Fig. 77^), a plant represented by small stems 
vdth a xylem strand only a few millimeters in diameter. The xylem is 
deeply lobed with six projecting points. Near the extremity of each 
lobe is a small island of parenchyma tissue completely immersed in the 
xylem, which resembles the ^‘peripheral loop"' of the Paleozoic Zygop- 



Fig. 77. — Middle Devonian fer?ilike axe.s. (.-1) Arachnoxylon KojtJi. X about 12. (B) 

Iridopleris eriensis. X about 7. {(’) Reirnarmia aldvncnsc. X about 10. 

teridaceae and Cladoxylaceae. No leaf traces have been observed, an 
indication that the plant was leafless, and this feature, in combination 
with the general simplicity of the axis, is suggestive of psilophytic 
affinities. Reimannia (Fig. 77C), has a slightly more complicated stem 
in which the xylem strand is T-shaped in cross section. Small leaf 
traces depart from the three xylem arms but nothing is known of their 
form or structure. The most advanced of the three psilophytic ferns 
from the Hamilton formation is Iridopteris (Fig. 77JS), in which a five- 
lobed xylem cylinder gives off spirally arranged leaf traces. The xylem 
is peculiar in that each lobe contains near the tip two parenchymatous 
areas placed side by side. This genus is decidedly less psilophytic than 
either Arachnoxylon or Reimannia, and were it not for the fact that the 
three together constitute a series of forms of increasing complexity, 
Iridopteris might be looked upon as quite apart from the psilophytalean 
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line. As the matter stands, Arachnoxylon, Reimannia^ and Iridopteris 
furnish anatomical evidence of psilophytalean ancestry of the ferns, 
whereas Protopteridium indicates a similar relationship from the stand- 
point of habit. 

The Upper Devonian has not yielded many ferns, but the few that 
have been found reveal further departures from the Psilophytales. 
A steropterifi novehoracensis was described many years ago by Dawson 
from the Portage beds (Upper Devonian) of central New York. I'he 
stem has a deeply stellate symmetrical xylem strand with 12 lobes from 
which leaf traces depart. The trace seciuence shows that the fronds 
were produced in whorls with the successive verticils superimposed. 
Near the tip of each xylem arm is the diagnostic* parenchymatous area, 
which indicates affinity with the Zygopteridaceae. The traces themselves 
are also of the zygopterid type in that soon after departure each tracre 
becomes constricted in the middle with two lateral loops, with the long 
axis of the trace section lying at riglit angk^s to the radius of the main 
stem. At this stage the trace resembles that of Ckpsydropsis described 
on a later page. At a higher level, however, each trace has two loops at 
<^ach end. The main point of interest in connection with Asteropteris is 
that it was the first Devonian plant to be discovered in which the tissues 
were suflSciently preserved to reveal definite fernlike affinities, and con- 
secpiently it was long known as the oldest fern. We know now, however, 
that fernlike plants were in existence during the Middle Devonian, and 
it is possible that they exist undiscovered in still older rocks. 

All the early fernlike plants of which we possess information on the 
internal structure have a lobed or fluted xylem strand which bears some 
resemblance to that found in the C-arboniferous Zygopteridaceae. The 
fluted xylem therefore appears to be an ancient feature that developed 
from the simple psilophytalean strand before the decipherable history of 
the ferns began. Not all the Paleozoic ferns, however, show the fluted 
xylem because in the Botryopteridaccae, a family that existed nearly 
contemporaneously with the Zygopteridaceae'^ a round or nearly round 
strand is present. It is believed that the Botryopteridaceae attained its 
state of development through simplification and that it is not as primitive 
as the other family. 

An ancient plant believed to be a fern and occurring in both the 
Devonian and the Carboniferous is Cladoxylon. The oldest species is 
Cladoxylon scoparium from the Middle Devonian of Germany. Other 
occurrences of the genus have been reported from the Upper Devonian 
Portage shales of New York and the New Albany shale of Kentucky. 
Our knowledge of the German form is most complete. The largest stems, 
which are almost 2 cm. in , diameter, branch somewhat irregularly in a 
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crude dichotomous fashion which recalls Hyenia or Calamophyion, 
Clothing the smaller branches are small, deeply cut, wedgeshaped, 
aphlebialike leaves. On the upper extremities of some of the branches 
the appendages are fertile and bear at their tips small oval sporangia. 
The stems are polystelic, a transverse section showing a number of elon- 
gated xylem strands, some of which are small and simple, and others 
w^hich are larger and bent into various shapes. 



Fig. 1^.— Archaeopteris luiifolia. Upper Devonian. Port Allegany, Pennsylvania. 

Natural size. 

The most widely distributed fern in the Upper Devonian is Arch-- 
aeopteris. Its exact position in the plant kingdom was long a matter of 
uncertainty but the latest evidence indicates that at least some of the 
species are ferns and it is probable that all of them are. The genus is 
known mostly from frond compressions and it is possible, though not 
probable, that the Archacopteris type of frond could have been borne on 
more than one kind of plant. 

Although Archaeopteris is decidedly fernlike in general appearance, 
some paleobotanists have maintained that it is a seed plant even though 
seeds have neither been found attached to it nor closely associated with 
it. A couple of accounts exist of seedlike olyects in intimate association 
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with Archaeopterisy but it is just as possible that they could be spore- 
bearing organs as seeds. Too little is known of the anatomy to shed 
much light on the question of affinity, and it was not until some recently 
discovered compressions of exceptionally well-preserved sporangia were 
studied that the exact situation became (dear. 

Archaeopteris is sometimes used as an index fossiT^ of the Upper 
Devonian, which means that its presenc*e is accepted as substantial 
proof of the age of the rocks in which it is found. It dcjes occur, however, 
very sparingly in the Middle Devonian. 



Fig. 79. - Archav.opteris macile?Ua. Upper Devonian. Factory villo, Pennsylvania. {From 
specimen in United States National Mnsenm.) Lacoe Collection. Natural size. 

In North America Archaeopteris occurs throughout the Upper Devon- 
ian shales and sandstones of Catskill and Chemung age in northeastern 
Pennsylvania and adjacent portions of New York and in rocks of similar 
age in eastern Maine and Eastern Canada. In Pennsylvania and New 
York the most common species are Archaeopteris Hallianay A* latifolia 
(Fig. 78), A, macilenta (Fig. 79), and A* obtusa. The plants from Maine 
and Canada are similar, and may not be specifically distinct, but they 
ai*e known (in part) as A. Jacksoni, A. Roger siy and A. gaspiensis. In 
Canada the most prolific Archaeopteris locality is the paleontologically 
famous ‘‘Fish Cliffs” on the north shore of Scatimenac Bay along the 
southern border of the Gasp6 Peninsula, where Dawson collected vegeta- 
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tive and fertile fronds at about the middle of the last century. In 
addition to plants, the locality has yielded several forms of Devonian 
fish, one of which is Eusthenopteron, an organism in which the fins had 
developed to the extent that a limited amount of motility on dry land 
was possible. 

Well-known European species of Archaeopteris are Archaeopteris 
hihernica, the type species from County Kilkenny, in Ireland, and A. 
Roemeriana from Belgium, Germany, and Bear Island in the Arctic Ocean. 
A . hibemica occurs sparingly in Pennsylvania and is closely related to A . 
laHfolia but differs in having larger pinnules. A, Roemeriana is veiy 
similar to A. Halliana, 

Little is known of the habit of Archaeopteris other than that it pro- 
duced large fronds which sometimes reached a meter or more in length. 
It was probably a shrub rather than a tree, but whether the main stem 
was upright or prostrate is unknoAMi, although there is some evidence 
that the fronds were attached above the ground and did not arise from 
subterranean parts. It probably produced a low dense bushy growth 
along streams and embayments when* there was abundant soil moisture. 

The fronds of Archaeopteris are (compound like those of many ferns. 
The rather strong straight rachis bears two rows of suboppositely placed 
pinnae, all spread in the same plane. The wedge-shape^d pinnules, also 
in two rows, vary from 1 to 5 cm. or more in length, are attached by a 
narrow base, and broaden to a rounded apex. They may or may not 
overlap, depending upon the species. There is no midvein. The single 
vein entering the base divides by several dichotomies and the branches 
pass straight or with slight curvature to the distal margin. The margin 
may be smooth (A. Halliana), toothed {A. latifolia), or deeply cut 
(A. madlenta). 

We know little of the vascular system of Archaeopteris because only 
compressions have been found. However, the thick carbonaceous 
residues of some of the leafstalks reveal the presence of vascular strands 
similar to those of ferns. 

The sporangia of Archaeopteris are borne on specialized fertile pinnae. 
These may make up a large part of the frond or only a small portion of it. 
Frequently they are limited to the lower portion of the rachis, but they 
are always similar in size and arrangement to the vegetative ones. The 
sporangia themselves are oval or linear exannulate spore cases either 
sessile or shortly stalked borne singly or in clusters on greatly reduced 
pinnules. Sometimes a fertile pinna may bear a few^ vegetative pinnules 
at the base, thus suggesting a homology between the two types. 

The spores and sporangia of several species of Archaeopteris have 
been sttulied but the spore condition is well known only in A. latifolia 
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(Fig. 80). In this species there are two kinds of sporangia, slender 
ones measuring approximately 0.2 mm. in width by 2 mm. in length, and 
broader ones about 0.5 mm. by 2 mm. in comparable dimensions. The 
smaller ones contain numerous (100 or more) very small spores about 
30 microns in diameter, whereas the others hold 8 to 16 spores, which 
are at least 10 times as broad. The exines of both types are smooth or 
very slightly roughened and are heavily cutinized. These obviously 
are microspores and megaspores. From the descriptions (by Johnson) of 
the sporangia of A. hihernica from Ireland, it is probable that a similar 
spore condition is present in this species. Although no mention is made 
of spores of two sizes the sporangia are described as ‘Jocular,’' but the 
supposed locules are in all probability the t)utlines of large spores similar 



Fig. 80. — Archaeo pieris UitifoUa. (A) Fortilo pinna; a and a\ inicroaporaugia; b, 
inegasporanginm. (J5) Sketches showing relative sizes of c, microspores and d, megaspores. 
Enlarged. 

to the megaspores of A. latiJoUa, and the sporangium is in all likelihofxi 
a simple undivided spore case. 

The spores produced by Archaeoptcris lalifolia indicate beyond all 
reasonable doubt that this species is a fern and not a seed plant. It 
does, however, indicate a trend in the direction of seed plant evolution, 
and it may constitute the necessary heterosporous stage in the derivation 
of the seed from the terminal sporangium of the Psilophytales. Mor- 
phologically it may stand between the homosporous ferns and the 
pteridosperms, or it may be a more direct connection between the pterido- 
sperms and the Psilophytales. In either case, however, it appears to be 
a “missing link'^ in the evolution of the seed plants. It is possible that 
some species of Archaeopieris had reached the point of seed production, 
but this is entirely conjectural. Small paired cupules resembling seed 
husks have been found associated with the foliage of A. lalifolia in 
Pennsylvania, and before the heterosporous condition was observed in 
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this plant, these cupules were thought to be its probable seeds. At 
present the evidence that Archaeopieris reproduced by cryptogamic 
methods is much stronger than the evidence for any other method. 

A plant probably related to Arc/iarop/cm'but nearer the psilophyti(^ 
level is Svalbardia, with one species S. polymorpha, from beds belonging 
either to the upper Middle Devonian or lower Upper Devonian of 
Spitzbergen. The genus is founded upon brandies and branch systems 
of rather small size in which the internal structure is not preserved. 
Branching is lateral and opposite to^subopposite.*^ The ultimate vegeta- 
tive branches are slender filiform ramifications bearing fan-shaped 
pinnulelike appendages split apically by two or four dichotomies into 
slender segments. These organs are about 2.5 cm. long. The venation 
is dichotomous and each segment receives one vein. 

The fertile branches are panicles 3 to 4 cm. long. Branchlets depart 
from the axis of the panicle at nearly right angles to it, and they bear 
near the middle on the upper side as many as 12 sporangia on simple or 
divided stalks. The branchlet tips are sterile and curved forward. 
The sporangia are pyriform or cylindrical, are 0.5 to 0.7 mm. wide by 
1.5 to 2 mm. long, and have thin walls. The si)ores, which appear to be 
all of one kind, are slightly oblong and measuie 60 to 70 mi(*rons in 
greatest dimension. The exine is nearly smooth and there is a distinct 
triradiate tetrad scar. 

The size of Svalhardia is unknown, but judging from the fragments 
of the branch systems, the plant was probably a small shrub not exceeding 
2 m. in height. 


THE LATER PALEOZOIC FERNS 

During the late Paleozoic (LoAver Carboniferous to Permian) a few 
ferns appeared that can be assigned with varying degrees of certainty 
to modern families. For example, the structurally preserved stems of 
the Permian genera Thamnopteru and Zalesskya show essential character- 
istics of the Osmmndaceae. In older rocks the fructification Oligocarpia 
is provisionally aligned with the Gleicheniaceae, and Senfienhergia, 
another fructification, shoAA's certain essential features of the Schiz- 
aeaceae. Throughout the Carboniferous (including the ‘‘Permo- 
Carboniferous”) there are numerous fructifications and a few stems that 
have been compared with the Marattiaceae. Some other modern 
families have been reported from the Paleozoic but final investigations 
l^ave in every instance shown the evidence to be inconclusive. 

The late Paleozoic ferns consist mainly of representatives of a large 
group, the Coenopteridales. The Coenopteridales first appeared in the 
De^'oman and probably became extinct before the onset of the Triassic. 
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If they did outlive the Paleozoic they did so in such reduced numbers 
or in such modified form that they have escaped recognition in the later 
periods. 

The Coenoptehidales 

The name (k)enopteridales is applied to a large assemblage of structur- 
ally preserved stems and frcind parts, which often occur in abundance in 
coal-balls and other types of petrifactions of late Paleozoic age. The 
taxonomic t reatment of the group varies, and consequently it is impossible 
to present any standardized classification of its members. Some of the 
generic names refer to stems, but others apply to leafstalks of which we 
have no knowledge or are uncertain of the stems to which they were 
attached. The C'oenopteridales have also been called Palaeopteridales, 
Piimofilices, and Renaultificales, the latter in honor of the great French 
paleol)otanist Renault. No two of these names as originally proposed 
were used in exactly the same way, but their applications are similar. 
They all refer to Paleozoic ferns that cannot be assigned to Recent families. 
In this book the group is tentatively divided into three families, the 
Botryopteridaceae, the Zygopteridaceae, and the ('ladoxylaceae. Some 
authors describe additional families based for the most part upon single 
spe(aes, but it is felt that the inclusion of more family names than those 
given would serve no usefid purpose. There are numerous Paleozoic 
plants belonging to other groups that are difficult to classify, and the 
list of planlae iriceriae sedh is large and will always be so. Bertrand, who 
proposed the name Renaultifilicales for those ferns here described ui oer 
the Coenopteridales, lecognized two subgroups. The first is the Inversi- 
catenalcSj which conforms in general to the Botryopteridaceae, and the 
second is the Phyllophorales, which is made up principally of the Zygop- 
teridaceae and the Cladoxylaccae. He assigns each group ordinal rank. 

Botrypotcridcuxae. — This family of Paleozoic ferns contains the 
simplest although not necessarily the oldest of the Coenopteridales. 
The stem contains a simple protostele and the petiole bundle is a single 
strand that is often but not always deeply indented or curved in cross 
section. In all genera except Tnbicaulis the pinnae are spread in the 
same plane as the rachis, a feature that distinguishes the family from 
the Zygopteridaceae. 

The Botryopteridaceae are typified by Boiryopteris, the best known 
genus of the family. It contains five species which range from the Lower 
Carboniferous to the Permian. The slender stem, which is but a few 
millimeters in diameter, is much branched and bears spirally arranged 
fronds. The main stem has a small mesarch protostele. The phloem 
completely surrounds the xylem, and no secondary tissues were formed. 
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Ah been in erosb section the xylera strand in the leafstalk is distinctive. 
It is solid, and has one to three protoxylem points on the adaxial side. 



W 

Fig. 81. — (A) Botryopteria foretista. Transverse section of petiole. McLeansboro 
formation. Illinois. X about ^ 20. (B) Botryopteris hirsuta. Transverse ‘section of 

petiole. Coal Measures. England. X about 30. 

In some species the strand is deeply indented, giving the appearance of 
a trident (B. foremis, Fig. 81.4), but in others the protoxylem is situated 
on short points (B. hirmta, Fig. 81B), or on the smooth surface (B. 
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antiqua). The fronds forked at least once, and the branches bore 
pinnae of the first order. In B. forensis the ultimate frond segments 
were of the Sphenopteris type, but in the other species the pinnules are 
unknown. 

Botryopieris forensis is one of the few petrified Paleozoic fern species 
to which sporangia have been actually found attached (Fig, 82). The 
sporangia are oval or pyriform, measuring 1.5 to 2 mm. in length and 
0.7 to 1 mm. in diameter. They are clustered and short-stalked, and 
occur in tufts on the branches of the fertile rachis. The annulus is a 
broad, oblique band of thick-walled cells limited to one side of the sporan- 
gium. The spores, which are small and all of the same kind, were dis- 
charged through a split opposite the annulus. 

Botryopieris bore its roots adventi- 
tiously along the stem among the 
leaves. They are diarch and closel 3 " 
resemble those of living ferns. 

AnacJwropieris, a Middle Carboni- 
ferous genus belonging to the Botiy- 
opteridaceae, is known mainly from 
structurally presei'ved leafstalks. The 
xylem strand in cross section is stronglj^ 
incurved with re volute margins. 

Apparently the curvature is away from 
the stem, and the protoxylem groups 
(of wiiich there are two or more) are 
located on the adaxial or convex side. 

The fructification is a synangium of 
four sporangia borne at the end of a 
vein on the incurved margin of the 
small pinnule. Each sporangium contains a number of small spores. 
The entire synangium is bounded by a thick layer of cells that caused 
the sporangia to open at maturity. 

Tubicaulis is sometimes made the type of a distinct family. It 
consists of three species, one from the Lower Coal Measures, and two 
from the Permian. The stem has a simple protostele with centripetallj’^ 
developed protoxylem. Surrounding the vascular c^iinder is a thick 
cortex that produced a stem of considerable size. Within this broad 
cortex are the spirally arranged leaf traces in various stages of departure. 
The xylem of the trace is outwardly curved with the protoxylem on the 
adaxial side. Tubicaulis differs from the typical botryopterids in that 
the plane of the pinnae is horizontal to the main rachis instead of parallel 
to it, and because of this feature it is placed within the Zygopteridaceae 



Fuj. 82 . — Botryopieris forensis. 
Cluster of three sporangia attaehcd to 
fragment of fertile rachis: a, fertile 
racrhis; b, short stalk bearing spo- 
rangia; c annulus belonging to sporan- 
gium of adjacent cluster; <1, numerous 
spores in sporangial cavity; e, s^wran- 
gial wall. {After Renault.) X about 
30. 
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by some autliors. It suggests a eommon origin of the Botryoptcuidaeeae 
and the Zygopteridaceae, and illustrates one of the essential difficulties 
in the formulation of a consistent classification of the ancient ferns. 

Zygopteridaceae . — This group of ferns is both older and more complex 
than the Botryopteridaceae, and it shows possible connections with the 
Psilophytales through the Middle Devonian genera Arachnoxylon^ 
Reimannia, and Iridopteris. As was pointed out, Arachnoxylon possesses 
a deeply lobed xylem strand without evidence of departing traces, but 
near the outer extremity of each there is a clearly defined periph(‘ral 
loop. The other two genera have leaf traces while at the same time 
they retain much of the essential psilophytalean simplicity. 

Externally the members of the Zygopteridaceae are characterized by 
their ela])orately branched fronds. The stem, Avhere it is known, is 
relatively simple, and contains a shallowly or deeply lobed xylem strand 
in which the protox 3 dem groups occup}^ positions near the ends of the 
lobes. The stele is usually described as a protostek* although the central 
part often contains tracheids intermixed with parentdiyma. In the more 
deeply furrowed forms the pithlike tissue in the center extends into the 
lobes. Around the periphery the tracheids form a compac^t tissu(‘. In 
cross section the arms or lobes appear to be of une(iual length, the longer 
ones representing those from which the traces are about to depart. 
The spiral arrangement of the fronds exhibited by most iA the Zygop- 
teridaceae is similar to that of the Osmundaceae, and th(' cross sec- 
tion through a Avell-preserved stem will reveal the complete serjuence of 
trace transformation. 

The main stalk of the z\^gopterid frond has ]>een termed the phyU 
lophore. It differs from an ordinary leafstalk or petiole in that it is 
intermediate in position and structure betw(»en the stem and a typical 
leafstalk. It possesses axial symmetry" instead of l)ilateral symmetry 
and bears its subdivisions in two or four rows. Thes(i subdivisions (the 
pinnae of the first rank) are attached so that the}^ lie in a plane at right 
angles to that of the phyllophore axis. The pinnae of th(‘ fii’st rank are 
often divided into secondary pinnae which are again turned at right 
angles to the axis on which they are borne. Modifications of this basic 
plan are often exhibited b.y particular genera of the family. 

The xylem strand of the main leafstalk (the phyllophore) presents a 
variety of appearances in cross section and the figures presented are 
often striking (Fig. 83). In most genera it is thinnest along the middle 
and thickest at the edges. In such forms as ClepsydropsiSy Metaclepsy- 
dropsisj DiplolabiSf and Asteropteris the trace is somewhat dumbbell- or 
hourglass-shaped in cross section, with the peripheral loops occupying 
prominent positions at the ends (Figs. 83C and D). Where a pinna 



THE ANCIENT FERNS 


183 


trace departs from the phyllophore the loop opens to the outside and 
faces a similar concavity in the departing strand. The gap thus formed 
closes gradually above the axil produced by the departing trace except 
in some cases where the sequence of departure is too close to permit 
closure before another trace originates. In others, such as Ankyropteris 
and Etapteru (Zygoptcris) the figure recalls the letter H (Figs. SSA and 
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Fig. 83. — -Z^yRopterid phyllophore types. (A) Etapteris Scotti. {After Bertrand.) 
{B) Ankyropteris westpfmlensis. {After Hirmer.) (C) M eXadepay dr apsis duplex. {After 
Hirmer.) {D) Clepsydropais antiqua. {After Bertrand.) 


B), with the crossbar lying tangential to the circumference of the stem. 
Stauropteris is different from any of the foregoing. In this genus the 
xylem strand is a deeply invaginated cruciform structure, which at 
places breaks into separate strands (Fig. 84). 

The oldest genus to be assigned to the Zygopteridaceae is the Upper 
Devonian Asteropteris previously described. Another ancient type is 
ClepsydropsiSf which ranges from the late Devonian to the Permian. In 
Clepaydropsis the phyllophore trace is narrowly elongated in cross section, 
the rounded ends contain a prominent peripheral loop, and it is slightly 
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constricted in the middle. It is I’egarded as the ancestral type from 
which others such as Ankyropteris and Zygopteris were derived. 

Clepsydropsis leafstalks have been found attached to more than one 
kind of stem. Asterochlaenay one of the steins, is a Permian genus with 
a very deeply lobed xylein cylinder. The tips of the long lobes are 
divided into two or three small lobes from which the traces depart in a 
spiral sequence around the stem. The center of the stellate xylem con- 
tains a mixed pith in which the traclieids are mostly short and wide, and 
a narrow radial band of small-celled tissue extends from this niixod pith 
into each of the xylem arms. The phloem follows the outline of the 
xylem and the deep bays are filled with parenchyma. Asterochtaena is 



Fig. 84. — Stauropteris oldhamia. Transverse section of phyllophore showing foui-parte<l 
xylem strand and lateral branch. Coal Measures. Great Britain. X Ih. 

peculiar in the possession of the most elaborate stele found in any of the 
^ygopteridaceae but in combination with traces of the relatively simple 
Clepsydropsis type. 

Austroclepsis, from Australia, and probably of Carboniferous age, 
has clepsydropsid phyllophores although its stem is more like that of 
AnkyropteriSj which is to be described shortly. In this fern the repeat- 
edly forked stems are bound together by a heavy growth of adventitious 
roots into a mass that resembles the false stem of the Cretaceous genus 
Tempskya. The Devonian genus Asteropteris also has clepsydropsid 
phyllophores which, however, arise in verticils instead of spirals. 

Our knowledge of Zygopteris^ the type genus of the ^ygopteridaceae, 
centers mainly around Z. primaria, from the lower Permian of Saxony. 
Until recently the plant was very incompletely known because the speci- 
men used in the original description showed only the leafstalks, and 
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these had been' imperfectly described. It so happened that the type 
specimen, along with another block winch may even represent the basal 
part of the same plant, was cut into several pieces and distributed among 
several European museums. These pieces were recently reexamined by 
Sahni who has given the first account of the stem on which the leafstalks 
were borne. When the several slabs Avere assembled into approximately 
their original positions, a tree fern of some size was revealed Avith a 
central stem about 1.5 cm. in diameter surrounded by a mantle of leaf- 
stalks and adventitious roots ha\dng a diameter of about 20 cm. The 
xylem cylinder consLsts of a small central rod of scalariform tracheids 
surrounded by a layer of secondary wood. This is one of the rare 
examples of a fern axis, either liA’ing or fossil, Avith secondary Avood. 
HoAveA^er, a stem of the same type but lacking leaf-stalks discovered 
pre\dously in the LoAver Coal Measures had been named Botrychioxylon 
in allusion to its resemblance to the recent Botrychiumj but had the stem 
of Zygopicris primaria been knoAATi, this genus Avoiild never have been 
founded. In addition, it aa as found that the leafstalks of this plant are 
identical Avith those previously knoAvn as Eiapterisy of Avhich several 
species exist. It appears, hoAvever, that no stems are knoAvn for any of 
the other species of EtapteriSj and Avhile the presumptive evidence may 
be strong that all of them AA^ere originally borne on stems of the Boiry- 
cMoxylon type, actual proof is lacking, and for that reason the names 
Botrychioxylon and Etapleris are retained as organ genera for detached 
stems and leafstalks of the types to AA^hich the names AA^ere originally 
applied. But on grounds of priority Zygopicris is the correct name for 
the combination AvheneA'er any of the parts are found together. 

The petioles of Zygopicris primaria are cylindrical and up to 2 cm. in 
diameter, and because no compressions have been found the form of the 
frond must be inferred entirely from the internal anatomy. The frond 
AA^as evidently bi pinnate and each pinna Avas deeply divided down the 
middle. The tAvo halves of the pinna apparently gave off pedately 
branched subdivisions on Avhich the lamina Avas borne, but the exact form 
is not clearly shown in the pertified material. 

As stated, Zygopicris primaria bore leafstalks of the Etapleris type of 
which the structure is probably best expressed in another species, Etap- 
ieris Scotti (Fig. 83^4), a common fossil in the coal-balls of the English 
Coal Measures. The vascular strand is surrounded by a three-layered 
cortex of AA^hich the innermost delicate layer has mostly disappeared. 
The xylem -strand has an H-form as afore-mentioned, AAdth a straight, 
rectangular median band and stoutTsbmeAA^hat flexed lateral arms. Two 
external protoxylem groups lie in shallow depressions on opposite sides of 
the figure at the ends of the median band. The pinna traces arise as a 
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pair of strands departing laterally from the position of the protoxylem 
groups. They soon fuse to form a flat slightly curved bar, which then 
divides to produce two crescentric strands. No peripheral loop is formed 
in this species as the sinus left by the departing traces does not close as 
in other members of the zygopterid group. 

A few fructifications are attributable to Zygopteris. One is Corynep- 
teris, borne on foliage known in the sterile condition as A lloiopteris. The 
fertile pinnules may be very similar to the sterile ones or they may be 
slightly modified. The sporangia are large, ovate, and sessile, and are 
grouped into spherical sori of five or six around a central point. The 
annulus is a broad band that extends up along the edge of the sporangia, 
where they touch, and around and over the apex. Dehiscence probably 
took place around the edges Avhere the sporangia are in contact, or 
along the inner surface. The sorus bears some resemblance to Pty- 
iihocarpus, and the suggestion has been made that it may indicate some 
connection between the Zygopteridaceae and the M arattiaceae. 

In NofoscMzaea, a fructification similar to Corynepteris, a broad 
annulus extends over the entire outer (abaxial) face of tlu' sporangium, 
and the vertical dehiscence line extends down the center. N. robvsiaj 
the only species, occurs in the middle Pennsylvanian of Illinois. 

Slightly curved, elongated sporangia have been found on a petiole 
known as Etapteris Lacattei. These sporangia are 2.5 mm. long, and 
occur in tufts of three to eight on short branched pedicels. Extending 
along each side of the sporangium is a band of cells with thickened walls, 
which constitutes a vertical annulus of a unique type. The spores are 
about 80 microns in diameter and resemble those of ordinary ferns. 

Ankyropierisj with eight species, is similar in age to Zygopteris. A. 
Hendricksij from the early Pennsylvanian of the Ouachita Mountains of 
Oklahoma, is the only one from North America. Ankyropteris resembles 
Zygopteris except that no secondary xylem is present in the stem. The 
xylem core is an angular structure with about five lobes of unequal 
length, which result from the spiral departure of the foliar traces. In the 
center, and extending into the lobes, is a mixed pith similar to that of 
some other forms. The phyllophore trace in cross section is character- 
istic. In A. Hendricksi it is H-shaped, and in A. westphalensis (Fig. 83f^) 
the free ends are inwardly curved so that the structure resembles a 
double anchor. In all species the pinna traces depart opposite the ends 
of the crossbar of the strand. The peripheral loop is a narrow strip of 
parenchyma situated along the lateral extensions of the xylem, and one 
peculiarity of the genus is that when the pinna traces dejpart the loop 
remains closed. The phloem completely surrounds the xylem and con- 
forms to its outline. 
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There are several other well-defined generic types assigned to the 
Zygopteridaceae which are known only from the leafstalks. The Lower 
Carboniferous Metaclepsydropsis was probably a procumbent plant in 
which the fronds were attached to a horizontal rhizome. The rectangular 
xylem strand is slightly constricted in the middle (hourglass-shaped) and 
near each end is a large round or oval loop (Fig. 83C). The loop opens 
to form a large gap when a pinna trace departs. The pinna traces are 
given off alternately from the opposite poles, and immediately after 
departure the crescent-shaped trace curves inward and soon divides 
laterally to form two strands. The pinnule traces arise from these. 

Stauropiens is a rather primitive type that is sometimes segregated 
into a separate family. It has three species, two from the Lower Carboni- 
ferous and one from the Upper C/arboniferous. The branching of the 
frond is distinctive. The main rachis bears alternate branch pairs, and 
each indi\ddual branch is in turn divided in a similar manner. All 
together the main rachis is branched into rachises of three orders and 
the same four-ranked arrangement of the lateral branches is maintained 
throughout. The ultimate ramifications bear *no laminae but each is 
terminated by a sporangium. These features suggest affinity with the 
Psilophytales. The xylem of the main rachis and of the branches is a 
cruciate mass that is often broken into two or more separate strands 
(Fig. 84). The terminal sporangia are of the exannulate eusporangiate 
type, and the spores escape l)y an apical pore. 

A genus that is interpreted as transitional between the Osmundaceae 
and the Zygopteridaceae is Grammatopteris, from the lower Permian of 
France and Saxony. The plant had a small upright trunk equipped with 
a slender protostele surrounded by a cortex and a thick armor of leaf 
bases and adventitious roots. The leaves depart from the stem in a 
close spiral, and in a single transverse section a series representing the 
change in form of the leaf trace from the moment it departs from the 
xylem cylinder until it enters the petiole base can be observed. At first 
the xylem of the trace is a small elliptical strand but farther out it 
lengthens and becomes a thin band. This is quite different from the 
strongly curved trace strand of the Osmundaceae, and more nearly 
approaches the condition in the Zygopteridaceae. Probably the most 
outstanding osmundaceous character is the incision of the surface of 
the xylem, which give a shallowly lobed effect. The traces, however, 
depart from between the lobes, and not from themi. The sinuses between 
the lobes are therefore regarded as rudimentary leaf gaps. The genus, 
however, is believed to be closer to the Zygopterid^ipeae than to the 
Osmundaceae, but it may belong to an offshoot of the Zygopteridaceae 
from which the osmundaceous line developed. 
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Cladoxylaceae. — Cladoxylon, the principal genus of this group, is one 
of the oldest plants to be attributed to the ferns. Its affinities have 
been variously interpreted. The presence of secondary wood is sugges- 
tive of a place among the pteridospcrms where it was assigned by Scott 
and other authors, but the appearance of the primary xylem and the 
clepsydropsid traces are features more in common with the Zygopterid- 
aceae. Some investigators have placed it in a group by itself (the 
Cladoxylales) below the ferns in the evolutionary scale and somewffiat 
transitional between them and the Psilophy tales. 

The anatomical structure of Cladoxylon is pecniliar, a fact responsible^ 
for the doubt and uncertainly concerning its systematic position, Th(‘ 



Fi(j. S5.-- ('l(idoxy/on taeniatum. {After Bertrand J X about .‘b 


stem is polystelic (Fig. 85). In cross section there are a number of 
separate radially elongated steles, some straight, but others which are 
curved, sharply bent, or irregular. These steles form an anastomosing, 
^system vertically. Each stele consists of a central oval or radially 
elongated solid primary xylem strand surrounded by its owm zone of 
secondary wood. Often the^^condary xylem is thicker on the side 
toward the interior of the stem than on the other side. The peripheral 
loop is situated at the outer extremity of each primary xylem arm from 
Avhere the leaf trace departs. The secondary wood consists of pitted 
tracheids and small rays. The genus is somewhat restricted, ranging 
from the Middle Devonian to the lower part of the Lower Carboniferous. 
It therefore represents an ancient line that became extinct before the 
major development of the Carboniferous flora took place, and probably 
left no immediate relatives. 
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OTHER PALEOZOIC FERNS 

Gleicheniaceae. — The existence of this family in the Carboniferous is 
suggested by Oligocarpiay a fructification borne on certain species of 
Pecopteris and Sphenopteris. The fructification consists of a sorus of 
four to six sporangia placed in a circle on the lower surface of the pinnule 
at the ends of the veinlets. An annulus of two or more rows of cells 
extends along the outward margin of each sporangium. The spores 
produced within the sporangium are small, smooth, and numerous. 

The resemblance between Oligocarpia and the recent genus Gleichenia 
has long been known, but the affinities have been questioned because of 
the structure of the annulus. In Gleichenia the annulus is strictly 
uniseriate. Professor Bower calls attention to the resemblance between 
Oligocarpia and those members of the Marattiaceae in which the sporangia 
are arranged in a circle. 

Oligocarpia is found principally in rocks of middle and late Coal 
Measures age. Undoubted members of the Gleicheniaceae (Gleichenites 
and Meriensites) occur in the Triassic, and from there the family extends 
in unbroken sequence to the present. 

Osmvndaceae. — The fossil record of this family begins vith two late 
Permian genera Thamnopteris and Zalesskya. The two are much alike, 
and a brief description of the former will suffice. » 

The stem of Thamnopteris is a protostele surrounded by a relatively 
thick cortex and a much wider zone of persistent leaf bases. The 
tracheids in the center of the solid xylem strand are short and wide, 
apparently being modified for v ater storage. The outer ones served for 
conduction. The xylem is surrounded by a continuous layer of phloem, 
a feature that links this genus ^^^th the Osmundaceae. 

The spirally arranged leaf traces of Thamnopteris originate on the 
outside of the xylem cylinder, and they first show in cross section as 
oval strands with centrally located protoxylem points. Slightly higher, 
a parenchymatous area forms in the protoxylem region, which later 
breaks through on the adaxial side of the strand. In the leaf base the 
xylem narrows to a horseshoe-shaped band v ith the concavity toward the 
stem. Within a single transverse section of a stem surrounded by leaf 
bases the entire sequence may be seen. The plant was probably a 
small tree. 

Schizaeaceae, — The existence of this modern fern family in the 
Carboniferous seems fairly well established by the occurrence in both 
the late Lower Carboniferous and the Upper Carboniferous of the fructi- 
fication Senftenbergia (Fig. 86), with oval or barrel-shaped sporangia 
borne in two rows on the lower surface of the pinnules of certain species 
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of Pecopteris. Each sporangium is attached by a short narrow’ stalk, 
and around the apical part is a circular, bandlike annulus two to four 
cells in width. The spores are numerous, have smooth \valls, and measure 
about 45 microns in diameter. These sporangia differ from those of 
certain of the living species of Aneimia and Schizaea only with respect 
to minor details. In Schizaea the annulus is only one cell wide but 
otherwise the resemblance to Senfienbergia is close. If the affinities of 
Senftenbergia are correctly interpreted, the kSchiza- 
eaceae becomes one of the oldest of surviving fern 
families. 

Marattiaceae. — There exist throughout the rocks 
of the Upper Carboniferous and Lower Permian 
numerous spore-bearing organs, w^hich show’ con- 
siderable resemblance to the fructifications of the 
marattiaceous ferns. In the Marattiaceae the 
sporangia are grouped into linear or circular clus- 
ters, and in many genera lack an annulus and are 
joined into synangia. In a synangium the spores 
occupy locules in the multichambered organ. The 
sporangia! (or synangial) w all is several cells thick, 
and spore dispersal is through a pore or slit. The 
Marattiaceae belong to the eusporangiate group 
of ferns in which the sporangium develops from 
a superficial cell group. This feature, how’^ever, is of little use in the 
study of fossil ferns because the manner of development of the sporangia 
cannot he studied. 

Those Paleozoic fern fructifications resembling the Marattiaceae are 
borne mostly upon Pecopteris foliage. The fertile pinnules are but little 
if at all modified, and the sporangial clusters or synangia are produced 
on the under surface, usually in rows on either side of the midrib. As in 
modern genera, they are situated over a veinlet or between the veinlet 
tip and the margin. 

Ptychocarpus (Figs. 87 and 88B) is a fructification of the Middle and 
Late Coal Measures age, which is produced on the foliage of Pecopteris 
unitus. It is common in both Europe and N orth America, being abun- 
dant in the plant-bearing nodules at Mazon Creek and in the strip mines 
near Braidwood in Illinois (Fig. 87). The fructification is an exannulate 
synangium circular in cross section, but when viewed laterally has the 
form of a truncate cone that narrows slightly toward the apex. The 
entire structure is 1mm. or less in diameter, and consists of five to eight 
sporangia, that are united to each other for their full length at the sides. 
In the center is a vertical column of tissue to which the sporangia are 



Fig. 80 . — Senflen- 
hergia ophiodermatica. 
{After Radforth.) En- 
larged. 
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attached by their inner surfaces. The synangia are arranged in a single 
row on each side of the midrib of the pinnule. The method of dehiscence 
is unknown but it is believed that the spores escaped through a terminal 
pore. The sporangium is surrounded by a layer of delicate tissue and 
the whole assemblage is embedded in an envelope of lax parenchyma, 
which makes up the wall of the synangium. 

Ptychocarpus bears a strong though probably superficial resemblance 
to the modern marattiaceous fern Christcnscnia in which the synangium 
is circular. An important difference, 
however, is that the Christ ensenia synan- 
gium is holIoAv in the center, and spore 
dispersal takes place through a dehiscence 
line on the upper face of each locule. 

Astcrotheca (Fig. 88C), also borne on 
Pecopteris foliage, is a synangium some- 
what resembling Ptychocarpus except that 
the sporangia per synangium are fewer, 
and they are united only at the base, 
being free for the greater part of their 
length. It differs from ScolccopteriSj the 
next fructification to be mentioned, in 
being entirely sessile. It is therefore evi- 
dent that the three fructifications Phjeho- 
carpus f Astcrotheca, and Scolecopteris are 
essentially similar, and differ only with 
respect to the extent of attachment be- 
tween the individual sporangia and the 
length of the central receptacle. 

The sporangia of Astcrotheca usually 
number four or five. The synangium is 
situated on a veinlet or between the veinlet tip and the pinnule margin. 
There is usually one row on each side of the midrib. 

Astcrotheca has several species of which some of the most familiar 
are A. arborescens, A. cyathea, A, Miltoni, A. orcopteridea, and A. hem- 
itelioci^s. It ranges throughout the Coal Measures (Pennsylvanian) 
and into the Permian, being most abundant in the Middle and Upper 
Coal Measures. There is some evidence that the foliage which 
produced Astcrotheca was borne on trunks of the Psaronius type. 

Scolecopteris (Fig. 88A) is similar to Astcrotheca except that the 
synangia are situated upon a short pedicel. The cluster consists of four 
or sometimes five sporangia, which are pointed at the apex and joined 
only at the extreme base. They therefore stand free from each other 



Fig. 87 . — Ptychocarpus {Pecop- 
teris) unitus. Portion of fertile 
pinna showing two-ranked syn- 
angia. Mazon Creek, Illinois. 
X about 2. 
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for the greater part of their length. The genus contains but three 
species, S. elegans from the lower Permian of Saxony, S. minor from the 
middle Pennsylvanian of Illinois, and S. Olivcri^ from the Permo- 
Carboniferous of Autun, in France. The species commonly called S, 
polymorpha is sessile and has been transferred to the genus Acitheca. 

Cyafhotrachus is a Coal Measures fructification that resembles 
Ptychocarptis except for its taller shape and in having a cup-shaped 
depression in the center similar to the living Christensenia. Another 
difference is that the synangia are short stalked. Tt is know n only from 



Fig. 88. — Paleozoic exminulate fructifications, {A) Scolecoptcris; (B) Ptychocarpua; 

(C) Aster otheca. 

isolated specimens but in association with Pecopteris foliage. C. alalm 
is from the British Coal Measures and C. hnlbaceus is from the middle 
Pennsylvanian of Illinois. 

In contrast to the circular synangium of the type just described, the 
name Danaeites has been applied to linear synangia, which somewhat 
resemble the modern genus Danaea. D, sarepontanus is a fossil ^ecies 
in which the synangia consist of 8 to 16 sporangia in two contiguous 
rows on the lower surface of pecopteroid pinnules. Dehiscence is by an 
apical pore, and the entire structure is slightly embedded within the 
tissue of the leaf. Danaeites is a rare type, and was reported many 
years ago from the upper Middle Carboniferous of the Saar Basin. It 
has not been sufficiently figured to be accepted as conclusive evidence of 
the implied relationship with the recent genus Danaea. 
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Previous to the discovery of the pteridosperms all fossil fernlike 
foliage and fructifications Avere supposed to represent true ferns, and those 
sporangia provided Avith an annulus were assigned to the Leptosporang- 
iatae and exannulate ones to Eusporangiatae (Marattiaceae). In the 
light of present knoAvledge it still seems probable that fossil annulate 
fructifications represent nonmarattiaceous ferns, although the possibility 
must be admitted that some pteridosperms might haA^e had microspor- 
angia which are indistinguishable from the sporangia of leptosporangiate 
ferns. No annulate pteridosperm microsporangia, hoAvever, have yet 
been discovered. The discovery of the pteridosperms revealed a problem 
concerning the assignment of fructifications similar to that pertaining to 
foliage. We are handicapped by not knowing much about the rnic- 
l osporangiate organs borne on particular pteridosperms. 

The problem of placing fossil exannulate sporangia in their proper 
plant groups is still more acute. It is frequently impossible to be 
absolutely certain whether a given fructification belongs to some ancient 
marattiaceous fern or to a pteridosperm, and Kidston, in commenting 
upon such familiar forms as Asterothixa and Ptychocarpiis^ says that the 
evidence is about as strong for placing them in one group as in the other. 
The majority of paleobotanists have been prone to consider the 
clustered type, such as Asierotheca and Ptychocarpus, marattiaceous and 
singly borne ones as probably being pteridospermous. This practice, 
hoAA’ever, is open to criticism for tAvo reasons. In the first place it 
assumes that no singly borne exannulate sporangia AA-ere present on ferns 
during the Paleozoic, and second, there is eAddence that amounts to 
practical certainty that some pteridosperms had synangial microsporan- 
giate organs. ArchaeopteriSy according to the latest available informa- 
tion, is an example of a fern Avith separate exannulate sporangia, and 
Aulacothecay Crossothecaj and Whitileseya are synangiate organs evidently 
belonging to pteridosperms. HoAvever, none of those synangia believed 
to belong to pteridosperms bear much resemblance to the fructifications 
of the living Marattiaceae. 

Our information being as imperfect as it is, it is impossible to cite 
the exact differences betAveen the fructifications of the Paleozoic ferns 
and pteridosperms. The manner in AA’hich the fructifications are borne 
may have some meaning in certain groups of plants. In the Lygin- 
opteridaceae and the Medullosaceae, tAvo families of pteridosperms, the 
fructifications, where known, are borne either on reduced frond segments 
or as replacements of ordinary pinnules on the pinna rachis. In no 
known instances in these families are either the microsporangia or the 
seeds produced on the surfaces of unmodified pinnules as are the sporangia 
of most ferns. From this it may logically follow that exannulate spo- 
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rangia on reduced pinnules or pinnules modified in other ways are pteri- 
dosperms {Archaeopteris being an exception), although it would not be 
safe to reason that all spore-bearing organs borne on unmodified foliage 
belong to ferns. Some pteridosperms {Sphenopteris tenuis^ Emplectopteris 
triangularis j and Pecopteris Pluckeneti) carried their seeds on unmodified 
foliage, and it is possible that their microsporangia were similarly situated. 

Psaronius . — This genus of Paleozoic tree ferns is often compared to 
the Marattiaceae but in all probability belongs to a separate family. 
Its foliage is believed to be of the Pecopteris type but neither the foliage 
nor the fructifications have been found attacdied so th(‘ systematic 
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Fig. 89 . — Psaronius Guthieri. Transverse section of stem showing the central vascular por- 
tion and the enclosing root mass. {After Corda.) 

position of the tree has never been determined with finality. Some 
investigators have suggested that it might have borne seeds, but this is 
merely a supposition not in accord with the evidences of affinity supplied 
by anatomical structure. The largest trees reached an estimated 
lieight of 10 m. or more, and the silicified trunks frequently exceeded 
0.5 m. in diameter. The fronds, which were borne in a crown at the 
summit of the trunk, were arranged in two or more rows. Trunk com- 
pressions showing the frond scars are known as M eqaphgto n if the scars 
are in two ranks and Caulopteris if there are more than two rows. The 
scars are large oval imprints sometimes 10 cm. or niore in height, and 
hear on the surface a horseshoe-shaped impression of the frond trace. 

; Emerging from the trunk below the crown of leaves are numerous 
jadventitious roots, which form a mantle of increasing thickness toward 
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the base. The trunk portion below the leaf zone therefore resembles a 
slender inverted cone. There was no secondary growth in the stem, 
and the root sheath was mainly responsible for the support of the crown. 

The morphology of the root sheath has been interpreted differently 
by different authors. It was originally thought to be cortical with roots 
growing vertically through it as in the living Angiopteris and some 
palms. The other, and most generally accepted explanation, is that 
the root mantle is extracortical, as 
indicated by its structure and the 
fact that no leaf traces pass through 
it. The roots are embedded within 
a compact tissue of hairlike struc- 
tures, which arise at least in part 
from the roots themselves. These 
hairs may be seen arising from the 
roots, mostly on the side toward the 
outside of the trunk, and pressing 
firmly against the inner surface of 
the roots external to them. 

The individual roots are small, 
usually less than a centimeter in 
diameter. The xylem strand is six- 
pointed in cross section in most 
species and with only a few exceptions is composed entir ely o f prima iy 
tissue. 

The vascular portion of the Fsaronius trunk is usually only a few 
centimeters in diameter, and hence small in proportion to the size of the 
complete trunk. It is surrounded by a well-defined zone of sclerenchyma 
that is continuous except for breaks where leaf traces emerge. These 
breaks correspond with the arrangement of the leaves as revealed on the 
stem surface — thus in the Distich i the breaks occur in two series on 
opposite sides {Megaphyton)^ whereas in the Tetrastichi and the Poly- 
stichi (Caulopteris) there are four or more than four series, respectively. 
The interior of the stelar portion consists of ground parenchyma in 
which are embedded numerous concentric vascular bundles which form 
a complicated system but in which the arrangement corresponds definitely 
with the attachment of the fronds. The bundles are of various sizes, 
but in general they are elongated in a tangential direction. The xylem 
consists of scalariform tracheids with or without an intermixture of 
parenchyma (depending upon the species) and the protoxylem is more or 
less centrally located. Phloem completely surrounds the xylem. Some 
of the bundles, mainly those opposite the *4eaf gaps^^ in the peripheral 



Fig. 90. — Psaro nius laciinos ua. 
Transverse section of stem showing 
arrangement of the vascular bundles. 
Conemaugh series. Ohio. Drawn from 
photograph by B tickle. Slightly less than 
'*2 natural size. 
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sclerenchyma, are a part of the leaf trace system. Those toward the 
outside, which are called the reparatory steles, are the ones which depart 
at the loAvest levels as leaf traces, and those toward the interior will 
supply leaves at successively higher levels. Alternating with the 
reparatory steles are the so-called ‘‘peripheral steles, which give rise to 
the adventitious roots. They also fuse with the reparatory steles beloA\ 
the places where the latter pass out as traces. 

Psaronhis ranges from the Lower Coal Measures to the Triassic, 
but the greatest number of species occurs in the Rotliegendo (Lower 
Permian). The oldest petrified species is P. RenauUij from the Lower 
Coal Measures of Lancashire. Anatomically this spe(!ies is relatively 
simple, with a single endarch solenostele enclosing a large pith and with 
internal as well as external phloem. The structure of the root zone, 
however, agrees vdth that of other species of the genus. Compressions 
of the Caulopteris type are found occasionally in the lower Pennsylvanian 
of North America and in beds of similar age at other places. 

Numerous silicified trunks of Psaronius have been found in the late 
Pennsylvanian and early Permian in southeastern Ohio mainly in the 
vicinity of Athens. Recent studies have revealed the presence of about 
five species but detailed descriptions are not yet available. Some of 
the trunks are as much as 3 feet in diameter, and when cut and polished 
show an attractively colored cu:namental pattern. Years ago large 
numbers of these were collected and sold as inexpensive gem stones. 

POST-PALEOZOIC FERNS 

No account of the ferns of the past is complete without reference to 
some of the better known Mesozoic and Cenozoic forms. The Coenop- 
teridales do not appear to have left any descendants, but by late Permian 
time other ferns had come into existence, which were able to adapt 
themselves more satisfactorily to the unfavorable surroundings. 

Fossil ferns attributed to the Matoniaceae show that this family, 
which at present is restricted to the East Indies, once had a wide range. 
One of the Mesozoic members of this family is Phlebopteris (often called 
Laccopteris) which ranges from the Triassic to the Lower Cretaceous. 
The pedate fronds of this fern resemble those of Matonia pectinata. 
The pinnules are linear, are attached by a broad base, have a distinct 
midrib with anastomosing veins, and the circular sori are arranged in 
two rows, one on each side of the midrib. The sori contain 5 to 15 
sporangia, each with an oblique annulus. In the compressed condition 
it is sometimes difficult to recognize the annulus and the sorus is some- 
times mistaken for a synangium. The best known American species is 
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P. Smilhii (Figs. 91 and 92), from the Chinle formation (Upper Triassic) 
of Arizona. 



Fio. 92 . — Phlehopteria Smithii. Fertile frond. X about 5. 


The Osmundaceae are abundant in the Mesozoic. Todites William- 
sonii is world-wide in its distribution. Petrified stems are assigned to 
Osmtindites and Paradoxopteris, Osmundites skidegatensis, a fern in 
which the stem resembles that of Osmunda regalis, is from the Lower 
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Cretaceous rocks of Queen Charlotte Island off the coast of British 
Columbia. Similar stems have been found in the Tertiary of central 
Oregon (Fig. 93). Osmunda does not exist in the Recent flora of the 
western part of North America. One of the most common of the Mes- 
ozoic Osmundaceae is Cladophlebis. In North Ameri(*a alone nearly 40 
species have been indentified from strata ranging from the Triassic to 
the Lower Cretaceous. It is probably most abundant in the Jurassic 
although it is well represented in the Lower Cretaceous Potomac 
formation. 



Fig. 93. — Osmundites oregonensis. Transverse section of stem. Tertiary. Post, Oregon. 

Natural size. 


A Mesozoic fern genus of exceptional interest is Tempskya. It 
occurs at several horizons within the Cretaceous but in Western North 
America, where several species have been found, it is claimed to be 
restricted to the lower part of the Upper Cretaceous in beds nearly com- 
parable to the Colorado group. It may, however, occur in older beds. 
In Maryland Tempskya is found in the Patapsco formation in the upper- 
most part of the Lower Cretaceous. 

Tempskya occurs as silicified trunklike structures, which are some- 
times several inches in diameter and as much as 9 feet long. They are 
usually straight or slightly curved, and are round or irregularly oval in 
cross section. The trunk masses are often club-shaped or conical, with 
the largest end representing the apex. They sometimes bear a super- 
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ficial resemblance to silicified palm trunks with which they are frequently 
confused. 

Anatomical studies of the trunks of Tempskya have shown them to 
consist of much branched stem systems in which the branches are held 
together by a profuse growth of adventitious roots. It appears that the 
base of the plant contained one stem that branched by repeated dichot- 
omies. These branches and the adventitious roots which they pro- 
duced grew in a more or less parallel direction and formed a large ropelike 
mass which is called the ^Talse stem^^ (Fig- 9^1)- A few living ferns 
pi’oduce similar organs, examples being Todea harhara (Osmundaceae) 
and IlerniUdia crcnvlaia (Cyatheaceae). 



Fkj. 94. Tempftkya yraniHs. Transverse section of false stem showing the individual 
stems embedded within the root mass. Cretaceous. Wheatland County, Montana. 
Natural size. 

The individual stems of Tempskya (Fig. 95 A) have amphiphloic 
siphonosteles (solenosteles), which vary in different species from 0.5 to 1 
cm. in diameter. Each individual stem is complete with cortex, endoder- 
mis, pericycle, phloem, xylem, and pith. The central part of the pith 
is sclerotic. v»Of the leaves only the bases are known, and they arise 
from one side of the individual stems in two ranks. The orientation of 
the stems within the trunk with respect to the direction of departure 
of the leaf traces has furnished clues to the probable habit of the plant. 
In some species the traces depart from the stems on the side nearest the 
periphery of the false stem, thus indicating radial symmetry and a more 
or less upright habit. Examples are T, grandis and T. wyomingensis. 
T. minor and T. Knowltoni^ on the other hand, show the traces departing 
mainly in one direction, indicative of a reclining or dorsiventral habit 
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for the plant. It is believed that in most species the leaves were attached 
only to the apex of the false stem. However, the outermost tissues are 
seldom well preserved, and whether the trunks possessed any kind of 
lateral appendages is unknown. 



{B) 

Fig. 95. — (A) T empakya wyomingenais. Transverse section of two stems surrounded 
roots. The stem at the left shows two departing traces and the one at the right three. 
Each shows an attached root. Cretaceous. Bighorn Basin^ Wyoming. X 6, (B) 

Tempakya Weaaelii. Transverse section of root. Great Falls, Montana. X about 40. 

i 

The roots (Fig. 95B) are smaller and more numerous than the stems. 
They arise adventitiously and extend backward toward the base of the 
trunk, but their course outside is unknown. It is possible that in the 
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upright species the roots took the form of props for the support of 
the trunks. The xylem strand in all species is diarch. Two to four 
very large tracheids are usually present, which are arranged side by side 
in a line at right angles to the plane of the protoxylem poles. The 
epidermis sometimes bears root hairs. 

The relationships of Tempskya to any of the modern ferns are obscure 
although certain points of resemblance to the Schizaeaceae, the Loxomi- 
aceac, and the Gleicheniaceae have been noted. It has been tentatively 
placed within a family of its own, the Temi)skyaceae. 

Schizaeopsis is a genus founded upon material from the lowermost 
Cretaceous of Maryland originally assigned to the Ginkgoales. The 
fan-shaped frond, which is about 11 cm. 
long, is divided into ribbonlike segments by 
a series of dicdiotomies of different depths, 
h^acdi segment bears at the tip several 
spindle-shaped sporangia about 4 mm. 
long. Its affinities appear to be with the 
Schizaeaceae. 

The Cyatheaceae, the family embracing 
the majority of the living tree ferns, was in 
existence during the middle part of the 
Mesozoic era. Cyathocaulis and Ce})oiio- 
cauUs are structural!}^ preserved cyathea- 
ceous types from the Jurassic and early 
Cretaceous of Japan. Protopteris (Fig. 96) 
is a LoAver Cretaceous tree fern which was 
originally described from Bohemia and 
which may be related to the Recent Dick- 
sonia. The trunk bears persistent leaf 
bases, which reveal on the exposed surface, 
a horseshoe-shaped trace strand with in-^' 
wardly curled ends and indented sides. 

The vascular system is similar to the Tw. da. —Protopteris Slernhergii. 
Recent genera Alsophila and Cyathea in {After Corda.) 

that it consists of a large cylindrical stele broken by leaf gaps, but the 
continuous bundle trace is more suggestive of Dicksonia, 

The ferns of the Cenozoic belong almost exclusively to modern 
families, and although many species have been recorded from the rocks 
of this era, they are a subordinate element of the flora. They do, how- 
ever, reveal some interesting information concerning the distribution of 
certain ones during the recent past. For example, the genus Lygodium, 
which is now mainly tropical, was until recently of world- wide distribu- 
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tion. The fossil record has shown the retreat of other forms from north- 
erly localities to the tropics within comparatively recent times. It is 
significant to note that the most widely spread of living ferns, Ptcridium 
aquilinuniy is not represented in the fossil record. 

Compressions of the floating leaves of the aquatic fern Salvinia have 
been found in the Tertiary of all continents except Australia. Nearly 
half of the recorded occurrences are from Europe but there are a few 
from North America. The best known American fossil species are 
Salvinia elliptira from the Eocene of Washington, and S. preauriculata 
from the Wilcox group of Tennessee and the Bridger formation of 
Wyoming. Azalia is rare in the Tertiary but some very interesting 
silicified material has been found in the Intertrappcjan beds of India. 
Azolla interirappea consists of megaspores with the floats attached, and 
fastened to the fibrils of the megaspores arc microspore massulae with 
the very characteristic anc^hor-tipped glochidia. 

Silicified tree ferns belonging to the Cyatheaceae have been found in 
the Tertiary of East Africa and Texas. The East African plant, Dcmh'op- 
teridium cyatheoides^ is represented by a decorticated stem about 3 
inches in diameter, which shows the typi(‘al cyathean dictyostelic 
structure. There is a single series of nine pei-ipheral meristeles, which 
turn outward at the margins. There are numerous medullary bundles in 
the pith which are apparently associated with the leaf traces which 
also consist of separate bundles. Although the affinities of the fossil 
are obviously with the C^^atheaceae, it cannot be identified with any 
modem genus. 

Cyathodendron texanum is a cyatheaceous tree fern from the Eocene 
of Texas. The stems are as much as 3 incthes in diameter, and each 
contains a large central pithlike tissue containing concentric bundles 
and surrounded l)y a solenostele that appears continuous in transverse 
section. Leaf gaps, however, are present, but they appear to be closed 
by a peculiar downward extension of vascular tissue, which leaves an 
oblique opening through the stele. Through this opening some of the 
medullary bundles pass to contribute to the leaf-trace supply. This 
plant is believed to be a generalized type combining certain characteris- 
tics of the three tribes of the Recent Cyatheaceae. 
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CHAPTER IX 


THE PTERIDOSPERMS 

The pteridosperms, or seed-ferns, may be tersely defined as plants 
with fernlike foliage, which bore seeds. Some of them were trees, but 
others were smaller plants of reclining or sprawding habit. A few 
petrified stems attributed to pteridosperms have been found in the 
Devonian, but the group did not become important until the Carbonif- 
erous during which time it also reached its developmental climax. The 
plants were still abundant at the onset of the Permian ice age, and a 
few persisted in modified form as late as mid-Jurassic. The discovery 
of this remarkable group of seed plants soon after the tui:^; of the present 
century has been one of the greatest in the history of pail^botai^y, and 
its importance has been far-reaching. In the first place it brought to 
light a heretofore unknown group of seed plants, and secondly it placed 
the ferns in a more subordinate position in the Carboniferous flora. 
Morphologically the pteridosperms stand between the ferns and the 
cycads. 

The history of the discovery of the pteridosperms includes a series of ^ 
events dating back to 1877. In that year Grand'Eury mentioned the 
structural similarity betw^een the petioles of Alethopteris, NeuropteriSy 
and Odontopteris, and certain other petioles which he at the time called 
Aulacopteris but later identified as Myeloxylon. Then in 1883 Stur 
commented upon the persistent sterile condition of many Carboniferous 
leaf types, and suggested that these forms may not be ferns as they were 
always supposed. In 1887 Williamson, after studying 
iUiaeoides and Kaloxylon Hookeri, concluded that these plants were dif- 
ferent from any then living, and that they combined the characters of 
ferns and cycads. Schenk in 1889, and Weber and Sterael in 1896, 
reported that the Myeloxylon type of petiole was borne on meduHosan 
stems. Thus, the stems, petioles, and leaves of MeduMosa were assembled, 
and on this basis Potoni4 in 1899 proposed the class name Cy^adofilices 
for Medullosa with the object of designating a transition group between 
the ferns and higher seed plants. It should be noted that up to this 
time nothing was known of the seeds borne by these Cycadofillees, and 
the only criteria for the establishment of this group were anatomical. 
Howeveri additional evidence was accumulating, and in 1903 Oliver and 
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Scott announced their epoch-making discovery of the identity of the 
seed Lagenostoma Lomaxi and the stem known as Lyginopteris oMhamia, 
and proposed the name Pteridospermae ‘^for those Cycadofilices that 
bore seeds/^ This connection was founded upon the similarity of the 
capitate glands borne upon the seed cupules, the stem, and the rachis of 
the fronds of Sphenopteris II ocninghausi, although it was not until 1930 
that the actual attachment of the seed and leaf was discovered. In 
1904 Kidston described specimens of Neuroptcris hcterophylla with seeds 
attached, thus verifying the previous discovery of Oliver and Scott 
concerning the seed-bearing habit of the Pteridospermae. Since then, 
seeds have been discovered attached to several other fronds, and the 
Pteridospermae as a plant group are firmly established. Although the 
name Cycadofilices was proposed first, Pteridospermae has become 
widely adopted as being more nearly descriptive of the class. 

The pteridosperms are a large and diversified plant group, and as 
with most fossil plants, their remains are usually fragmentary. The 
problem of correctly assigning fertile parts of the plant to the appropriate 
vegetative parts is one of the greatest with which paleobotanists are 
confronted. The taxonomic limits of the group have never been pre- 
cisely determined, and there exist numerous detached organs, both 
vegetative and reproductive, whose assignment to the pteridosperms is 
tentative pending proof of connection with other parts known to belong 
to the group. However, by disregarding for the present the Mesozoic 
members, and considering only the better knonn Paleozoic forms, the 
seed-ferns show certain well-defined characteristics, which may be listed 
as follows. 

1. The leaves are large and frondlike, belonging to various form 
genera such as Alethopicris, N eiiropteris, Sphenopteris ^ etc. 

2, The seeds, which are not produced in cones or inflorescences of 
any kind, are borne upon modified or unmodified foliage, but if modified, 
the differentiation is relatively slight. 

3* The s^eds bear considerable resemblance to those of Recent cycads, 

4. The leaf traces are relatively large, consisting of a single strand 
or of several strands. 

6. Secondary wood and phloem was formed. 

6. The primary wood is usually mesarch and is present in fairly 
large amounts. 

7. The tracheids of the secondary wood bear bordered pits which are 
confined mostly to the radial walls. 

8. Tbie pollen-producing organs are (as far as known) exannulate 
sporangia sometimes grouped into sytiangia that are difficult to dis- 
tinguish from the fructifications of ferns* 
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9* The leaves in all forms so far investigated bear a resistant cuticle 
that does not disintegrate when subjected to oxidative maceration 
followed by alkali treatment. 

Position in the Plant Kingdom 

Taxonomically the pteridosporms are (dassified along with the other 
naked-seedetl Pteropsida in the Gymnospermae. In many respects 
they may seem to stand well apart from the other members of this claas, 
especially the Cordaitales, tkmiferales, and Gnetales, but there is ample 
evidence of a considerable degree of kinship with the cycads and ginkgos. 
AflBnities with these groups are expressed in numerous anatomical, 
foliar, and seed characteristics. It is also believed that the pteridosperms 
produced motile male gametes as do the Pecent cycads and ginkgos. 
The cycads are readily separable from the pteridosperms by their defi- 
nitely organized strobili, but were it not for the fact that in the genus 
Cycas the megasporophylls bear considerable resemblance to foliage 
leaves, this difference might be sufficient to distinguish them entirely. 
As it is, however, the situation in Cycas {C. revoluia in particular) points 
to the derivation of the cycadaceous ovulate strobilus from the seed- 
bearing frond of the pteridosperm type. It is well within the limits of 
possibility that the pteridosperms, the cycads and cycadeoids, and 
possibly the ginkgos also, constitute a unified phyletic line that not only 
has long been distinct from the other gymnosperms but may even ha\ e 
had a separate origin. 

Although the pteridosperms are in many respects transitional between 
the cycadophytes and the ferns, the recent trends in morphological 
thought have been to stress their gymnospermous traits as being more 
indicative of their true position in the plant kingdom* The femlike 
appearance of the foliage, while probably retained from ancient times, 
is in some respects more apparent than real. The cuticles of all pterido- 
sperms examined are resistant to oxidative maceration followed by 
alkali in which respect they resemble gymnosperms. Fern cuticles dis- 
solve when subjected to such treatment. Too little is known of the 
habit of the Paleozoic pteridosperms to permit much generalizing, but in 
many pteridosperms the fronds branched into two equal parts, as in 
Sphenopteris Hoeninghausi, Diplothmema Jurcata, Diplopteridium ieU- 
ianum, etc., and they were arranged in spirals on the main trunks, 
which in many cases were rather strongly reinforced with ^ondary 
wood. The type of frond division shown by the zygopterid ferns is not 
known among the pteridosperms. Probably the most difficult organs to 
distinguish are the fructifications of the Paleozoic ferns and the micro- 
sporangiate organs of the contemporaiy pteridosperms. It is generally 
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believed that the tufted type such as occurs in Telangium and Crossothcca^ 
and in which the clusters are situated at the tips of naked pedicels, 
is pteridospermous, and that the pinnule-borne synangium reminiscent 
of the Recent Marattiaceae is filicinean. However, there are many 
examples of exannulate singly borne fossil sporangia, which in the present 
state of our knowledge (*aniiot be assigned with confiden(*e. 

Origin , — The probk^m of the origin of the pteridosperms is similar to 
that of all other Paleozoic* plant groups in that the limiting factor is the 
recognition ol the earliest preserved members. The oldest plants that 
have been assigned to this class are certain Upper Devonian members of 
the Ualamopityaceae in which only the stems are preserved. The foliar 
and reproductive organs are unknown, and until we know whether these 
plants bore seeds, their inclusion within the Pteridospermae must remain 
tentative. It is proljable that the pteridosperms originated at some 
time during the l)(*v^onian period from fernlike 
stock, \^hich had not advaii<*ed far b<\vond the 
psilophytic stage. It is not necessary to 
assume that all pteridosperms arose from the* 
same source, and it is possible that the ditferent 
groups had their origin s(‘parately from differ- 
ent psilophytic* ferns which, while all were pro- 
gressing in the direction of seed de\elopment, 

(lifTcued among themselves in vegetative char- 
acters. A close coiinecjtion between the origi- 
nal pteridosperms and the Psilophy tales io 
suggested by the fact that the oldest known 
seeds were borne singly or in pairs at the tips 
of bifurcated stalks in a manner strongly remi- 
niscent of the terminal sporangium of the 
Psilophytales. Leaf-borne seeds seem to have 
developed later. The main obstacle in deriving 
the pteridosperms from cryptogamic ancestors 
had ahvays been the lack of any known heterosporous fern which could 
have given rise to the seed habit, but it appears now that the obvious 
heterosporous condition in A'lchaeopicria latifolia may partly span this 
break in continuity. 

' The only evidence we have of the existence of pteridosperms in the 
Devonian consists of a few petrified stems. No organs positively 
identified as seeds have been found below the Lower Carboniferous. In 
the Pocono and Price formations, which lie at the base of the Mississippian 
and overlie the Devonian in the eastern part of North America, we find 
at several places cuphlate seeds of the Lagenosioma or Calymmatatheea 



Fig. 97. — Lageno- 
fipirmum ( Calymmatotheca) 
impanrameum. Pair of seed 
(‘upuleh. Price formation, 
Mississippian. Virginia. 
X 2^2‘ 



208 


AN INTRODUCTION TO PALEOBOTANY 


type (Fig. 97). Theye fructificationh consist of small cupules, about 3 mm. 
wide and 10 mm. long, situated in pairs upon the tips of leafless, slightly 
unequally bifurcated stalks. Each cupulc consists of about five acicular 
bracts fused together at the base for about two-tliirds of their length 
with the ends free. Within and attached at the base of each oval cup 
is a small seed. Similar cupulate organs also occur in the Upper Devo- 
nian but no seeds have been observed within them so, conseciuently 
what they produced is unknown. It is often difficult to distinguish 
between early seed cupules and tufts of slender microsporangia borne at 
the ends of slender stalks. The Middle Devonian Eospermaiopferis is 
often cited as the oldest seed plant, even though it has beeui known for 
some time that seed production by this plant is extremely doubtful. 
Some of the seedlike bodies attributed to it contain spon^s, and more- 
over, the vegetative parts from the type lo(‘alit> in the Catskill Moun- 
tains are indistinguishable from Anewophyton. Some authors plac(‘ 
such plants as Cephaloptcru^ Am^urophyton^ and Sphrnoptendium, which 
are wholly or partly Devonian, in the pteridosperms on evidence wdiich 
is not conclusive. 

SUBDIVISIONS OF THE PALEOZOIC PTERIDOSPERMS 

Although any division of the Pteridospermae into smaller groups is 
tentative, it is, nevertheh'ss, desirable to assign some of the better known 
types to groups that are subject to such modification as may become 
necessary as our knowledge of them accumulates. The best known 
groups, here given family ranking, are the following: 

1. Lyginopteriddceae, Tliis family includes forms with mpnpstelic 
stems and petioles ordinarily with a single vascular strand. The seeds 
are mostly small. The family is typified by the stems Lyginopteris and 
Heterangium, and Sphenopteris or Pecoptcris foliage. 

2. Medidlosaceae. This family is characterized by plants with 
polystelic stems and large petioles containing a number of scattered 
bundles. The seeds are often large. It contains the stem types MeduU 
lorn and Sutcliffia, The foliage consists mainly of Alethopteris and 
Neuropteru. 

3. Calamopityaceae. This family is a somewhat diversified assem- 
blage of monoQtelic stems some of which bore petioles containing a 
number of bundles. It is confined, as far as we know, to the Upper 
Devonian and Lower Carboniferous. As at present constituted it is 
the largest family of the Pteridospermae. 

The Lyginopteridaceae 

C^lymmatotheca HoeninghausL — This name is used for the plant with 
atema known as Lyginopteris oldhamia. It occurs in the Lower and 
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middle Coal Measures of England and in beds of similar age in con- 
tinental Europe and North America. Tht* bulk of our information on 
its structure and morphology has been obtained from coai-balls found in 
Lancashire and Yorkshire. 

The history of our knowledge of Calymmaiotheca Hoemnghausi dates 
from 1828 when Brongniart described the Irond Sphrvopicris Moenmg- 
hausij which was later found to belong to it. Binney in 1866 described 
the stem under the name of Dadoxylon olxihamium. This stem was later 
assigned to Lyg^nodcndron, a genus based upon cortical impressions, but 
when it was found that the type specimens of Lyginodendron belonged to 
plants of another group, Potoni(^ substituted the name Lggniopteris in 
1899. *In 1903, Oliver and Scott shoved that the seed Lagenostoma 
Lomaxi belonged to Lyginopteru oldharma, and in 1929 Jongmans 
demonstrated the identity of the gland-studded cupulate envelope 
enclosing the seed and of roZ/y/?? wa^o//?cca, a structure named by Stur in 
1877. Accordingly, therefore, Calymmaiothica is the correct generic 
name and Hoeninghau,si tlie oldest specific name, hen(*e the combination 
of the two constitutes the valid binomial for the plant. Kachiopieris 
aspera and Kaloxyion llooken represent the petioles and roots, respec- 
tively. For the detached ])aits the several names originally proposed 
are still used. Calymmaiotheca II oemtighausi is not only an example of 
a complex nomenclatorial situation but it also shows how a fossil plant 
may become reconstructed by the gradual piecing together of separate 
parts. The one remaining part of C. Hoemnghausi to be identified 
is the pollen-bearing organ. 

The stem, Lyginopieiis oldhamta (Fig. 98), bore spirally arranged 
fronds. No very large stems have been found, the largest being only 4 
cm. in diameter and the smallest about 2 mm. It is probable that larger 
stems existed. The structure is very similar in stems of all sizes, the 
main differences being in the relati\e amounts of some of tTie tissues. 
The center is occupied by a large pith that is parenchymatous except for 
scattered masses of stone cells, the so-called “sclerotic nests” (Fig. 99). 
Around the pith is a ring of separate mesarch primary wood strands in 
which the protoxylem is located nearer the edge toward the outside of 
the stem. On the side of the protoxylem toward the center of the stem 
is a small strand of parenchyma. Surrounding the protoxylem and 
parenchyma is the metaxylem, which is wider on the pith side. 

The primary xylem strands constitute a part of the leaf-trace system. 
The strands as seen in a single transverse section are about five in number^ 
and whe* a trace forms the protoxyjem first appears .as two masses, 
placed side by side. The strand then divides with one branch continuing 
upward as the reparatory strand' and the other bending slightly to OW 
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side to constitute the trace The trace then bends outwaid and passes 
through the secondary wood T^hich, except where it is interrupted by the 



Fig 98 — Calymmafotheca Hoemnghauhi (Lygtnopif i is oidhamia) C loss b-oction of small 
stem a, schlerenchMiia bands in outei coitex, b iniiei (oitex and phloem < double leaf 
tiac6; d, seeoudaiy x\lem, €, pninaiv xjlein, /, pith Coal Measuies Cheat Biilciin 
X 5 



Fig. 99 — Calymmatotkeca Ht>en%nghaimi (Lygtnopteris oidhamia) Transverse section 
showing two mesarch primary xylem strands, two small strands of anomalously developed 
int^nal secondary xylem and masses of sclerotic pells in the pith X 12. 


QUtward passage of the traces, is continuous around the ring of circum- 
neduUary primary strands. The trace is accompanied during its 
I^Uroui^ the secondary wood by a wedge-shaped arc of secondary 
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wood of ith own, wliich pei’bifetb beyond tlu' poricycle where it gradually 
disappears Outside the secondary wood zone the trace divides to form 
a double strand, but the two unite again in the base of the petiole. 

The amount of secondary xylem varies according to the size of the 
stems, being thicker in the larger ones. It consists of rather large 
liacheids ^\ith multiseriate bordered pits on the radial walls and numerous 
parenchymatous rays some of vhich are quite wide. As mentioned, the 
(‘ontinuity of the secondary wood is interrupted by the outward passage 
oi the traces, and in some stems these interruptions have the effect of 



{A) (B) 

Fig 100 — Calymmatotheca Hoeninghanst (Lyginoptena otdhamia). 

(A) Vertical (tangential) section thi ough outei coitextehowing netwoikof sclerenchyma 
strands X 3^3 (B) Capitate gland showing ^ecretoiv cells near tip X about 60. 



breaking the woody ring into about four w^elbseparated but unequal 
masses. The parenchyma separating these masses is that which accom- 
panies the trace on its adaxial side. This tissue extends upw^ard for a 
short distance and above it the two flanking wood masses join. Mor- 
phologically, the spaces which interrupt the continuity of the wood are 
leaf gaps which are prolonged through the secondary cylinder. 

The secondary xylem is surrounded by a cambium and a band of 
phloem that is sometimes preserved. The pericycle is a well-marked 
tissue of short cells with embedded “sclerotic nests/^ and in the outer 
part there is a band of internal periderm. The inner cortex is paren- 
chymatous but the outer cortex contains very characteristic radiajly 
broadened fibrous strands which form a vertical network (Fig. 1004 )* 
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Different specimens ol Lyginopteris oldhamia vary considerably in 
structure, but the variations are not of specific magnitude. In some 
small stems the primary xylem strands are confluent and form a wholly 
or partly continuous tissue around the pith. Sometimes secondary 
xylem is formed to the inside of the primary xylem and in one recorded 
instance a complete cylinder of medullary xylem exists. 

The frond of Calymmatothea Hoeiiirighausi is highly compound with 
a gland-studded rachis that divides by an equal dichotomy above the 
lowermost pinnae. The pinnae are oppositely arranged, and stand out 
from the rachis at nearly right angles to it. The ultimate pinnules are 
small-lobed cuneate leaflets borne alternately on the smallest sub- 
divisions of the rachis. 

The xylem strand of the petiole is trough-shaped with the concavity 
above. Sometimes the strand is double uith two grooves on the upper 
surface. The xylem is completely surrounded with phloem and on the 
lower (abaxial) side there are several protoxylcm groups. The fibrous 
outer cortex of the stem continues into the petiole where the fibers take 
the form of more or less rounded hypodermal strands. The inner cor- 
tex contains plates of stone cells. 

The capitate glands (Fig. l(K)i9), which have supplied the criteria for 
the connection between the aboveground parts of the plant, cover 
all parts except the roots. The spines are flask-shaped, sometimes as 
much as 3 mm. high, but have no vascular supply. They therefore 
belong to the category of ‘'emergences^’ and are of a higher order than 
epidermal hairs but lower than leaves. Each gland bears a globular 
tip which ranges from 0.12 to 0.40 mm. in diameter, and inside is a mass 
of small thin-walled cells which is presumably secretory tissue. The 
nature of the substance secreted by these glands is unknown but it was 
probably oily or waxy material that protected the growing parts from 
fungous attacks. 

Concerning the habit of Lyginopteris oldhamia, the radial symmetry 
of the stem indicates that the plant grew upright, although it seems 
impossible that such a small stem could have supported a large crown of 
leaves without additional support. It is assumed that the plant reclined 
somewhat against other plants, or against steep cliffs, and grew in thickets 
wd junglelike associations. The roots were produced adventitiously 
atid grew from among the leaves as wejl as on the older stem portions 
from which the leaves had fallen. 

Lagenostoma Lomaxi (Fig. lOlil), the seed of Lyginopteris oidhamia^ 
wm terminal on the ultimate and naked ramifications of the frond. 
Thf? eeed is a small barrehghaped organ measuring approximately 4.25 
mm, m diameter by 5.6 mm. in length. It is orthotropous and symmetric 
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mens have shown that each sporangium consists of two compartments 
separated by a thin partition extending lengthwise. The spores are 
numerous and small, obviously microspores. The genus Pelangiiim was 
originally founded })y Benson on petrified coal-ball material, but it has 
often been recognized in the compression state. It is frequently associ- 
ated with Sphenoptcris affinis and bifida. In these species the frond 
rachis dichotomizes to produce two equal portions, and two subopposite 
pinnae are borne on the rachis below the fork. Each of the two branches 
of the main rachis forks once or twice more, and the branches thus 
formed bear alternately arranged secondary and tertiary pinnae. The 
t)innules are rhomboidal or fan-shaped, and are split into three or four 
cuneatc segments. The fertile pinnae are believed to have been borne 
at or just below the main fork of the frond. 

Seed cu pules of the Calymmatotheca type sometimes occur with 
Tvlangium. The seeds, however, have never been found in any cupules 
that happened to be associated with Telangium although it is believed 
that they belong to the Lagenostomales group which was borne by 
Lyginoplcria and similar stems. 

Telangium differs from Crossolheca in having sporangia that stand 
upright on the terminal disc; and continue the line of tlie rachis whereas 
in Crossoiheca they form a fringe around the margin of the flattened limb. 

Diplopteridium icilianurn, from the Lower ("arboniferous of Wales, is 
a sphenopterid type with fructifications resembling Telangium. The 
frond is forked in a manner similar to that of Sphenopteris affinis, but 
the fertile branch is situated upright in the axil between the two main 
branches. This branch, which is shorter than the two side branches, is 
dichotomously forked several times and the sporangial clusters are 
borne at the tips of the ultimate ramifications. 

A frond that is divided nearly to the base into two equal divisions 
has been observed in several other pteridosperms in addition to those 
just described. It is present in Sphenopteris Hoeninghausi (the frond 
attached to Lyginopteris oldhamia) and has also been observed in Ale- 
thopteris and Neuropteris. Some other frond genera believed to be 
pteridosperms and exhibiting this habit are Adiantiies, Aneimitee, 
Callipteris, Diplotmema, Eremopteris, Mariopteris, Palmatopteris, and 
Sphenoptcridium. However, this habit was not universal among pterido- 
sperms because in some the fructifications were borne either among the 
vegetative leaves or on the upper portions of divisions bearing vegetative 
foliage. 

The application of the name Calymmatotheca is by no means Umiti^ 
to complete or nearly complete plants such as C. Hominfflbusi, 
extended generally to seed cupules borne at the extremities of frohd 
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divisions on which no vegetative foliage occurs. The Calymmatotheca 
cupule enclosed the seed before maturity, but upon ripening the structure 
split lengthwise into four to six coriaceous segments (Fig. 97). The 
seed was attached at the base of the cup. 

Fructifications of the Calymmatotheca ty})e illustrate one of the 
technicalities of paleobotanical nonuuiclature. This name is used foj* 
seed cups, but if the seed happens to l)e present A\ilhin, the name Lagcno- 
spermum may be used instead. If the seed is petrified, it may be referred 
to Lagenofitoma or some similar genus of petrified seeds. If (*onditions 
of preservation are such that it is impossible to t(‘ll whether the object 
is a seed cupule or a (duster of elongate microsporangia, it may be called 
Pierispcrmostrobufi or Calathiopfi. However, it is im])ossible to avoid 
su(‘h multiplicity of names when dealing with plants that are preserved 
in so many ways. 

A very inter(‘sting cupule from the l()W(‘r Carboniferous Oil Shal(‘ 
Oroup of Scotland has recently l>een dc'scrilx'd by Andrews as Megatheca 
Thomasii. Only one specimen has Ixhui found. It is a tulip-shapcMi 
object 6.2 cm. long and 2.3cm. wide in the lower portion. It is the largest 
cujmlate fructification known. The six leathery lobes into which the 
cupule is split are joined for a short distance abov(‘ the base. Th(' sur- 
face of the low'er part of the lobes is featured by a net work of s(derenchyma 
strands, w'hich disappear about halfw^ay to the apc'x. No s('(‘ds w'cn' 
present within the cupule, and wdiether it bon^ a single large s(X)d or a 
group of smaller ones is unknowui. It is intimat(d 3 ^ associatcxl with 
fronds of Sphenopteris affinis. From its general appearance it is prob- 
ably the seed husk of a lyginopterid pteridosperm, but except for this 
its affinities are unknown, 

Tetrastichia hupatides, also from the Oil Shale Group of Scotland, is 
a petrified petiolate axis. The small stem, wiii(di is I cm. or less in diam- 
eter, is elliptical in cross section l>e(*ause of th(' decurreiit petioles. The 
petioles are in four rows made up of subopposite pairs. The primary 
xylem is a cruciform structure of scalarifoim and reticulate tracjheids, 
and in some parts of the plant it is surrounded by a layer of secondary 
wood which conforms to the outline of the primary portion. The 
petiole base is sw ollen into a pulvinus, and at about 12 cm. beyond the 
base, the petiole forks by an ecjual dichotomy. The xylem strand 
of the petiole below the fork has somewhat the shape of a butterfly. It 
is U-shaped with two lobes on the lower side. Beyond the fork the 
configuration is simpler. The cortex of the main stem is divisible into 
an inner, a middle, and an outer zone. The middle part contains sclerotic 
nests and the outer layer contains a longitudinal network of hypodermal 
aelerenchyma. 
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Although Tilrasiichia is regarded as a primitive member of the 
Lyginopteridaceae, it shows a number of fern characteristics, the main 
ones being the general shape and structure of the axis, the position of 
the protoxylem, the s(‘alariform and reticulate pitting of the tracheids 
and the manner of departure, and the form of the petiole strand. The 
petiole strand, howe\(‘r, is also quite similar in shape to that of Lygino- 
Hichis, and this, com)>ined with the structure of the cortex, is considered 
sufficient to identify the f)lant A\ith the pt endosperms. Furthermore, 
the structure of th(' cortex appcxirs to be such that it could produce a 
compression pattern similar to that displayed l)y ^phenopteri^ affinis, 

Ilefrrangifim. — This stem genus contains alxnit one dozen species of 
which the best known is Ilclcrangium Griivn (Fig. 104) from the Lower 
Carboniferous at IVttycur, Scotland. 

Stems of IhUrangiuin (Hriccii are small, normally being about 1.5 to 
2 cm. in diameder^jm^^oht of tliem are straight, slender, and unbranched, 
and until (piite reccuitly no 1)ranch(Ml specimens had l)een o])served. In 
cross section thr stems are somewhat angular l)ecause of the large decur- 
rent l(‘af bases. The loliage is Ixdieved to be SphenopU'ris tlegans. 
Although the fronds have never been found attached to the stem, the 
(*om])ressions of tlu‘ leaf stalks of S, (Jegann^ l>oth large and vsmall, often 
show characteristic cross marks in the cortical portion, W'hich are believed 
to l)e caused by transverse sclerotic plates such as occur in the inner 
cortex of petrified llvl< rangnnn stems. 

JIdvrangium (hi\vii contains a single fairly large protostele. The 
tracheids of the primary xylem extend to the center of the stem, but 
instead of constituting a solid core, the}' an* separated by intervening 
})arenchyma into groups. The inner tracheids are rather large and bear 
multiseriate bordererl pits on all their walls. Tow'ard the outside ol the 
primary xylem core, the tracheids ))ecome somew’hat smaller and are 
arranged into mesarch strands. There are normally about 20 of these 
small strands, w'hich form a nearly continuous layer. The protoxylem is 
not cent rail}" lo(*ated but is situated nearer the outer edge. 

"I'he primary xylem is surrounded by a thin zone of secondary w'ood 
that is seldom more than a few millimeters thick. The secondary wood 
consists of tracheids bearing multiseriate bordered pits on their radial 
w'alls and of rather large rays. All these rays extend to the primary 
Avood and some of them merge AAith the parenchymatous tissue dis- 
tributed among the primary tracheids. 

The leaf trace is a single strand. When it first departs from the 
primary cylinder, it has a single protoxylem point that soon splits into 
two. Along the lower part of its course the strand is collateral, but it 
becomes concentric by the time the petiole base is reached. 
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As previously stated, one of the characteristir features of Hetermigivm 
Orievii is the arrangement of the sclerotic tissues in the cortex, and it is 
often possible to identify the stems even when the tissues are completely 
carbonized. Just beneath the epidermis there is a narrow zone contain- 
ing vertical sclerenchyma strands, which lie parallel to each other. To 
the inside of this zone, and occupying the greater part of the width of the 
cortex, is a layer containing transverse plates of stone cells. These plates 
succeed one another in regular vertical series and are separated by 
parenchyma. 

The other species of Helcrangium are all from the Upper Carboniferous. 
Scott has divided the genus into three subgencra. Tn two of them, 

Eu-lhierangium and Polya ngiurn^ there is 
no evidence of further evolutionary de- 
velopment or connection with higher 
groups, but the third group, Lygtnangiam ^ 
is transitional with Lyginopleris. In Eu- 
llderangiumy typified by llderangium 
Grievii, the trace strand is single at its 
point of origin, w'hereas in Polyangiimi 
(an example being 11 . tiliaeoides) the trace 
originates as a pair of bundles. The rang(^ 
in anatomical structure revealed by the 
different species of Ileterangium reveals a 
noteworth}^ transition from fernlike to 
more distinctly pteridospermous charac- 
teristics. The primary xylem of Eu- 
llderangium bears a great resemblance to 
that of the living genus Glcicheniaj w^hich 
is probably the most familiar example of a 
protostelic fern. In this genus the xylem 
core consists of an admixture of tracheids 
and parenchyma, and the protoxylem 
occupies the mesarch position near the 
periphery. In the subgenus Lyginangium 
the xylem extends to the center of the 
core as in other species of the genus, but 
it is small in amount and the peripheral 
strands are larger ^d reduced in number. The resemblance to Lygino- 
jUeris oUhomia j|)|Mtefore close. 

^hmerodryma probable seed of Heterangium Grievii^ is 

to LojrewostowiSjjIbut lacks the long projecting tubelike pollen 
’ A conspicuous feature of the seed is the ‘^frill/^ which consists 



Fig. 104 . — Heterangium Grievii. 
Longitudinal section oi stem show- 
ing transverse sclerotic plates in 
the inner cortex. Calciferous 
Sandstone. PettycuFr Scotland. 
X 6. 
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of lobes of the integument around the micropyle. The epidermis of the 
seed bears numerous short papillae, which probably secreted mucilaginous 
material. The seed was surrounded by a glandless cupule. 

The seeds of the I.yginopteridaceae belong to the so-called “Lagen- 
ostomales,’^ an artificial assemblage of Paleozoic seeds mostly of small 
size, and in which the nucellus is joined to the integument nearly to the 
archegonial region. The upper free part of the integument, known as 
the canopy,” consists of lobes that are joined in some seeds {Ijogen- 
oMoma) ])ut sei)arate in others {UphaeroHtoma) , These canopy lobes are 
upward extensions of the ribs on the body of the seed. The vascular 
system supplies the integument only (in contrast to those of the Tri- 
gonocarpales, described later), but the strands extend into the canopy, 
which is oft(m cham])ered and is believed to serve for water storage. 
Another structure believed to characterize the Lagenostomales is a 
tai)etal laycu* around the megaspore. Some of the seeds of this group 
{ijOgenoHtoma and Sphaerofitoma) are borne within a cupule of bracts 
{Calymmafothcca). Conostoma (Fig. 1015) and Physosioma (Fig. lOlC) 
ar(» two additional members of this group of seeds that have never been 
found attached to foliage or stems. 

Some other sphenopterids in addition to Sphenopteris Hoeninghausi 
are known to have borne seeds. One of these is S. alata from Great 
Britain. Its seeds are small oval bodies 3 or 4 mm. long, hexagonal in 
cross section, and pointed at the apex. As with the other lyginopterids, 
a cupule was present. 


The Medxjllosaceae 

The Medullosaceae is a family of pteridosperms that was abundant 
and widely spread during Carboniferous times. Ancient members of the 
family were probably in existence during the Mississippian or Lower 
Carboniferous, but they did not become numerous until the beginning 
of the great coal age. Remains of the family are present in quantity in 
the early and Middle Coal Measures when it probably reached the 
zenith of its development, but it persisted throughout this epoch and 
extended into the Permian Avhere several forms are known. 

Petrified stems, petioles, and roots of Medullosa are frequently 
encountered in coal-balls, but the best evidence of the important place 
occupied by the Medullosaceae in the Carboniferous flora is the abun- 
dance of such leaf types as Alethopteris (Fig. 105A) and Neuropteris 
(Figs. 105 A and 106), which, on the basis of intimacy of association and 
anatomical structure, are regarded as ^longing in part at least to this 
family. As mentioned previously, Grand'Eury as early as 1877 noted a 
structural similarity between the petioles of these foliage genera and 
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Fig. 10-5 ( 2 !) Ali^hojiteris Serlii, Mazon Creek, Illinois. Natural size. (J5) Neuropteris 
ScfUehard, St. Chailes, Michigan. X 2. 
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Myeloxylon, which is now known to be the petiole borne on Medullom 
stems Other ioliage forms also probably belonging to the Medullos- 
aceae are Linoptens, Lonchopicns, and Odontoptens. The seeds usually 
attributed to the Medullosac'eae are Tngonocarpus and other members 
ot the Trigonocarpales The pollen-bearing organs are believed to be 
(‘omplex synaiigia ot which WhitUcuyay Aulacotheca, and Codonofheta 



Fia lOb N€urop((rtt> Uninfoha (A) WRotatnc pmna Mazoii Creek, Illinois. 
Natural size (B) Pinna beaiing a ienninal seed Yorkian of Gieat Britain (TF Hem- 
xngway ) Slightly cnlaiged 

are examples. In Addition to MeduUom, the stems ot Sutchffia and 
Colpoxylon have been assigned to this family. 

Medullosa. — From the anatomical standpoint Medullosa belongs to 
the category of anomalous stems in which the cambium, although 
behaving in a normal manner, occupies abnormal positions. The 
organization of the stems of some species is among the most peculiar in 
the plant kingdom. Of the considerable number of species that have 
been described, the best known is probably Medullosa ariglica from the 
Lower and Middle Coal Measures of Great Britain, and it will serve 
adequately as a typical member of the genus. 
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The stem of Medullosa anglica (Fig. 107^4) is large, 7 to 8 cm. in 
diameter, and is unequally three angled due to the presence of very 
large, decurrent, spirally arranged leaf bases. The stem contains three 
separate steles which are somewhat irregular in shape, and each is pro- 




{B) 

Fig. 107. — (A) Medullosa anglica. Cross section of stem. A, B, C, leaf bas^ AB, BC, 
positions of next two leaf bases above: a. the three steles; h, leaf traces; c, aoaaiiliify vascular 
strands; d, periderm; e, isolated periderm ring; /, outer cortex containing sclerenohyma 
strands. {AJter Scott.) 

(B) Medullosa stellata. a, partial pith of peripheral solenostele; b, secondary wood of 
peripheral solenostele; c, “star ring”; d, partial pith. {From Steidtmann after W^ber and 
Sterzd.) 


vided with its own Jione of secondary wood and phloem which completely 
surrounds the primary xylem core (Pig. 108). In this respect MedvUoaa 
resembles Cladoxylon described in the chapter on the ancient ferns. 
‘Ibere is, however, no reason to suspect any close relation betwemi the 
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two. As the individual steles extend along the stem, they join and 
redivide at long intervals although the tripartite construction is generally 
present throughout. The spaces Ix^tween the steles are not comparable 
in any way to the leaf gaps in other stems with separate bundles. 

The individual steles are similar structurally to the single stele in the 
stem of lleterangium. The central part consists of a core of lai^e 
tracheids and parenchyma Avithout a pith, and with the protoxylem in a 
mesarch position. 'I’he secondary wood consists* of multiseriate pitted 
tracheids and large rays. The stem as a whole, however, is very different 



Fig. 108 . — Medxdlosa anglica. Single stele showing eentral core of primary xylem sur- 
rounded by secondary xylem. Coal Measures. Great Britain. X 6. 

from Heterangium^ because as it grew in diameter, the increase was 
accomplished by the enlargement of each of the three steles, which 
possessed a complete cambium of its own. Often the greatest amount of 
secondary accretion was on the side of the stele toward the interior of 
the stem. 

Each stele gave off leaf traces from the side facing the outside of the 
stem. When the trace bundle first became free from the stele, it was a 
concentric strand with one or more protoxylem points and surrounded by 
secondary wood. As it traversq|yiLe cortex, the secondary tissues dis- 
appeared, and the bundle finallyiPpI into many small collateral bundles 
with the protoxylem in the exarch position. The individual leaf then 
received the strand complex of several traces. 
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The cortex consists of short-celled parenchyma and numerous gum 
canals. Th^ most conspicuous leature ot the cortex is the presence 
within it of a layer ot internal periderm that encloses the stelar region 
and separates the cortex into an inner and an outer zone. The peiiderm 
is locally interrupted where the traces and root.s pass out. The tissue 
seems to he of the nature of phellem formed on the outside of a phellogen, 
but whether it \vas suberized is unknown. It is a remarkable tissue 
in that the cells are seldom crushed even though their w alls appiau very 



Fig. 109. — Medullosa Noei. Portion of stem showing a, pciideuii, h, serondiiry xylein, c, 
primary xyleiu MrLeansboro formation Illinois. X 6. 


trace strands identical with those found in the petioles. Scattered 
throughout the outer cortex are also occasional accessory vascular 
strands, probably of secondary origin, which recall similar cortical 
bundles in some of the Recent cycads. 

A recently described relative of Medutlosa anglica is M. distelica, 
from the McLeansboro formation of Illinois, so named because of 
the presence of the two steles seen in a cross section of the stem. The 
stem is small, measuring about 4 by 8 cm., with the individual steles 
.measuring about 7 by 18 mm. The secondary wood is thickest toward 
center of the stem, and the two steles are enclosed by a narrow band 
^ CQEtmuQUS internal periderm. The internodes are long, and the stem 
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is surrounded by three decurrent leaf bases. In addition to the presence 
of two steles instead of three, M, distelica differs further from M. anglica 
in the extreme asymmetry of the steles. The secondary wood on the 
side toward the cortex is very thin, and there is little or no secondary 
tissue associated with the outgoing leaf traces. The petioles are similar 
in structure to those of other species. 

Another Medullom from the McLeansboro formation is ilf. Noei 
(Fig. 109), a species also similar to M. anglica but differing from it in 
several respects. The original specimen is incomplete, but the stem 
appears to have been at least 20 cm. in diameter. One complete stele 
and portions of two others, all very similar to those of M. anglica^ are 
present. The assumption is that there were three steles in the complete 
stem. The stelar portion is enclosed by the usual layer of internal 
periderm and the oiiter cortex contains the expected complex of numerous 
trace l:)undles. In the interior of the stem* between the steles there are 
scattered structures of unknown origin or function called p erider m 
strands.” These consist of small masses of thin-walled cells surrounded 
by a sheath of peridermlike tissue. They bear some resemblance to the 
accessory bundles in M. anglica and the so-called ^^star rings” in certain 
Permian species of the genus. There is an additional pecularity in the 
primary wood in that it contains in addition to the normal tracheids and 
conjunctive parenchyma ‘Hracheid bundles,” which are groups of trache- 
ids surrounded by tissue which appears identical in structure with the 
periderm tissue found in the cortex. The stem is vsurrounded by three 
large leaf bases but the angularity of the stem i^less pronounced than 
in M. anglica. 

Another close relative of Medullom anglica is M, Thompsonii, from 
the Des Moines series of Iowa. The stem is about 3.6 cm. in diameter, 
has three steles in which the secondary wood is rather weakly developed 
on the outside, and a cortex Avith few secretory canals. The outstanding 
differences between this species and M. anglica are the sparcity of secre- 
tory canals and the greater amount of parenchyma in the middle cortex. 

Two English species related to Medullosa anglica are M, pusilla and 
M. centrofilis; both have small stems. M, centrofilis is distinguished by 
the presence of a fourth stele in the center of the stem, which is a small 
concentric strand situated between the three larger ones, M, pusilla is 
a small species with a stem about 2 cm. in diameter. It may possibly 
represent a small atypical axis of M. anglica. Both M, pusiUa and M. 
centrofilis are from tbdi&Wer Coal Measures. 

Schopf has reeent!ly^iven Medullosa anglica and the related species 
formal taxonomic status by segregating them into the subgenus Anjf- 
lorota. The plants of this group were relatively small or of medtuieu 
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size and had weak stems without massive accessory strands augmenting 
the main steles. The secondary wood is endocentric (thickest on the 
side toward the center of the stem). Internal periderm is relatively 
abundant and the whole stem is embraced by three large decurrent leaf 
bases. In these respects the Anglorota medullosans stand out more or 
less in contrast to the Permian species, a few' of w^hich will be summarily 
described. M. Nod is, in certain respects, transitional between the 
Anglorota and the later forms. 

The Permian species are distinctive in showing greater structural 
complexity. The steles are more numerous than in the older forms and 
are often highly differentiated among themselves. A feature possessed 
in common by most of them is that there is an outer set of peripheral 

steles surrounding or partly en- 
closing an inner set of smaller 
ones. In some species, M. ski- 
lata for example (Fig. 107JS), the 
peripheral steles form a series of 
concentric rings separated by 
parenchyma, whereas in others, 
as in M. Jjeuckarli, there may 
be two or three large separate 
steles placed in a ring around the 
central portion. In the center of 
the stems of both species are the 
smaller steles called star rings. 
The star rings are uniformly 
thickened all the w^ay around and 
vary in number from few to many. In the largest stems the whole 
stelar complex is sometimes *reinforced wdth successive layers of extra- 
fascicular * w^ppd and periderm. A number of variations of the forms 
mentioned above are knowm, but all species agree in petiole structure 
and the polystelic organization of the main stems. 

The roots of Medullosa developed adventitiously. In M, anglica the 
triarch primary wood core is surrounded by considerable secondary 
wood which is not continuous, but opposite each protoxylem point a 
broad ray divides the wood into w'edge-shaped segments. The roots of 
M, Nod are similar except that most of them are tetrarch (Fig. 110). 

Detached medullosan petioles are placed in the organ genus Mydo- 
xylm. Petioles are usually present in large numbers in coal-balls con- 
taining the stems, and associated with them are leaves of the Alethopteris 
typ6* The petioles are round or oval in cross section, and vary in 
'#a]Baeter from several centimeters at the base to a few millimeters in 
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the higher parts of the fronds. The structure of the petioles is almost 
identical with that of the large leaf bases found attached to the stems, 
a fact of great value in assigning detached leafstalks to their respective 
stems. 

Several species of Myeloxylon have been described, but one showing 
excellent tissue preservation is M. missouriensis from the Kansas City 
group of the Missouri series (Fig. 111). Just beneath the epidermis is 
a layer of partly coalescent sclerenchyma strands, which are rounded or 



Fig. 111. — Myeloxylon missouriensis. Chanute shale, Middle Pennsylvanian. Kansas 

City, Kansas. X 4. 


slightly elongated radially. The interior is filled with ground tissue 
containing scattered numerous vascular bundles and gum canals. 

The species of Myeloxylon differ with respect to the form and dis- 
tribution of the subepidermal sclerenchyma and in the abundance and dis- 
tribution of the gum canals or secretory ducts. In Myeloxylon zonatum, 
the petiole of Medxillosa Noei, the sclerotic strands are irregular with a 
distinct ring of vascular bundles bounding the inner surface, and immedi- 
ately within this is a row of large gum canals. In the petiole of MeduUosa 
Thompsoniiy there are few canals, a feature possessed in common with 
the stem. The medullosan petiole ^ars considerable resemblance to 
that of a cycad, which it was supposed to be before its attachment was 
discovered. Some investigators have been prone to draw comparisiHiB 
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between medullosan petioles and monocotyledonous stems on the basis 
of similarities that are obviously superficial upon careful examination. ‘ 

The individual Myeloxylon bundle consists of a compact mass of 
tracheids ranging from small to large, and an a(;companying strand of 
phloem separated from the xylem by a thin parenchyma layer (Fig. 112i4). 
The smallest xylem elements are toward the phloem. Nothing unusual 
is presented by the structure of the phloem. The tracheids have closely 
spaced spiral or scalarifoi in thickenings. In most species the bundle is 
enclosed wholly or in part by a bundle sheath of. thick-walled cells. 

The gum canals are often filleil with l)lack material. The canal, 
which may be as much as a quarter of a millimeter in diameter, is sur- 
rounded by a layer of thin-walled secretoiy cells. 



; (A) ^ (B) 

Fig, 112. — (A) Myeloxylori missouriensis. Vascular bundle: a phloem; b, xylem ;c, bundle 

sheath. X about 50. 

{B) Aulacoiheca Campbdli. New River series. W^ost ViiTjinia. X 3. 

Colpoxylon . — This genus, from the Permian of France, differs from 
Medullosa in having, throughout the greater length of the stem, a single, 
large, irregular stele. At places the stele divides to form several. This 
combination of monostely and polystely within the same stem is its 
chief feature of interest. The petioles are of the Myeloxylon type. 

' Sutcliffia , — This is a Coal Measures genus of two species character- 
ized by the presence in the stem of a large central stele of the Medullosa 
type, but surrounded by numerous subsidiary steles, which branch from 
it. An additional difference is that the petiole bundles are concentric. 
There are also numerous extrafascicular bundles forming a network 
outside the normal stele system which possess secondary wood. A band 
of periderm is present within the cortex that is believed to have caused 
i^ctiation of the outeimost tissues. 
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Pollen-bearing Organs Attributed to the Medullosaceae . — With the 
Medullosaceae as with the Lyginopteridaceae there has been less certainty 
concerning the indentity of the pollen-bearing organs than of most of 
the other parts of the plant. However, there are several fructifications 
now believed to be medullosan although the evidence seldom consists of 
more than association with Neuropieris and other types of foliage. One 
of the most familiar of these is Whittleseya (Fig. 113C), first discovered 
many years ago by Newberry above the Sharon coal in Ohio. In the 
compressed condition.it resembles a longitudinally ribbed leaf with a 
Serrate distal margin, and for a long time it was referred to the Gink- 
goales. Later, spores were discovered in the carbonized matrix of the 
compressions, and this, combined with the fact that it is usually inti- 



Fig. 113. — MicrosporanRiate organs attributed to the Medullosaceae. (.1) Aidaco- 
theca. X 3. {B) Codonotheca. X 2. (C) ,WhUileseya. X 1. (J5) Whdttcseya h\ 

tional view. X 4. All after Halle. 


mately associated with A lethoptcris, led certain investigators suspect 
that it might be a pteridosperm fructification. The structure of Whitt- 
leseya was recently revealed by Halle who succeeded in preparing micro- 
tome sections of the carbonized organs. These sections show that the 
organ is a campanulate synangium consisting of a series of lengthwise 
tubular pollen cavities around an empty center (Fig. 113/)). The 
synangium is quite large, being as much as 6, cm. long and 3 cm. or more 
broad. The surface is marked with parallel lengthwise striations, which 
terminate in the small teeth at the truncate apex. The base is rounded 
and is usually prolonged into a short attachment stalk. In Ohio, where 
WhitUeseya was first discovered, it was not found attached, but attached 
specimens have been reported from other places* 

^Codonotheca (Fig. 113-B) is similar to Whittleseya except that it is 
more slender and the rim of the cup is deeply cut between the tulkda^ 
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pollen cavities so that they project as semifree segments attached 
to a campanulate base. This fructification occurs in the plant- 
bearing nodules at the Mazon Creek locality in Illinois. It has 
never been found attached, but is associated with several species of 
Neuropteris. 

j Axilacotheca (Figs. 112J5 and 1 13^4) is an oval elongated organ of similar 
construction to Whittlesey a except that it is more slender and tapers to 
a point at the apex. The interior apparently was hollow. It usually 
occurs in intimate association with AlethoptcriSj although in one instance 
it was found apparently attached to the frond of Neuropteris Schlehani. 
Aulacotheca was thought to be a seed before its structure became known. 
It occurs in the Pottsville of Eastern North America and in the Lower 
Coal Measures of Great Britain. 

Whittlcseyaj Codonotheca^ Aulacothecay and a few other types of similar 
construction have been tentatively assembled intp the artificial group, 
the Whittleseyinae, which is characterized by^ the ellipsoidal spores 
which range from 0.1 to 0.46 mm. in length, and by the long, tubular, 
concrescent sporangia. 

Another fructification attributed to Neuropteris foliage is Potoniea. 
It consists of a terminal pinnule that has become modified into a broad 
shallow cup filled with a cluster ©f separate elongated sporangia. This 
structure differs rather markedly from the Whittlesey a type in which the 
sporangia form a synangium. Its spores are also much smaller, being 
but 0.05 to 0.065 mm. in their greatest diameter. Dolerotheca, which is 
sometimes classified under the Whittleseyinae, is similar in shape to 
Potoniea but the sporangia are joined laterally by parenchymatous 
tissue. 

Seeds Attributed to the Medullosaceae, — The seeds thought to belong 
to the medullosans are Trigonocarpus, Hexapterospermuniy Stephanosper- 
munty Rotodontiospermumy and other members of the so-called ^‘Trigono- 
carpalesP In these seeds the nucellus is free from the integument 
except for a basal attachment. There is a double vascular system that 
supplies both the integument and the nucellus. The seed coat is dif- 
ferentiated into a fleshy outer layer (the sarcotesta) and an inner sclerotic 
layer (the sclerotesta.) The sclerotic layer is frequently ribbed in mul- 
tiples of three. The sarcotesta decayed readily and is seldom preserved. 
The inner part exposed after disappearance of the fleshy part is often 
preserved as a sandstone or mineral cast. Such casts formed from 
Triifonocarpus are among the most common forms of fossil seeds. 

Except for the free integument and double vascular system, the 
show many resemblances to seeds of recent cycads. 

IS some evidence that fertilization was accomplished by 
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swimming sperms. In common with other Paleozoic seeds, na embryos 
have been found in them. 

^ Trigonocarpus Parkinsoni (Fig. 114), the seed supposed to belong to 
Medullosa anglica^ is large, sometimes as much as 5 cm. long and 2 cm. 
in width. Almost half of the length is occupied by the long micropyle. 
In cross section the seed is circular at the mid-portion but becomes 
flattened along the micropylar tube. The testa 
consists of an outer fleshy layer, or sarcotesta^ 
and a hard inner sclerotesta. The latter bears 
three prominent longitudinal ridges, which are 
the prominent features on the casts, and nine 
lesser ridges. The nucellus, which is surrounded 
by an epidermis, is free from the integument 
except for the attachment at the base. The 
pollen chamber is in a dome-shaped extension of 
the nucellus with an apical b(^ak that extends up- 
ward into the micropylar opening. The vascular* 
system of the seed is double (one of the diag- 
nostic features of the Trigonocarpales) with one 
set of bundles supplying the nucellus and the 
other the integument. The latter consists of 
six strands that traverse the length of the seed 
opposite alternate sclerotestal ridges. 

Sarcospermum ovalcj from the Pennsylvanian 
of Illinois, is a probable member of the ]Vledul- ^j^ ~-~Trigon^r^ 

^ .11 Farkinaoni. Dia- 

losaceae, although poor preservation has ob- grammatio representation 

scured many details. The seed is radially 

symmetrical, without ribs or sutures, and has a cotesta; c» micropyle; d, 

three-layered testa. The nucellus appears to cjiambw; “inner 

flesh ; nuceUus; flf, inner 

be free from the integument and has about 20 vascular system; h, outer 
vascular strands. The whole seed measures g^m'etoph^yTe’ 
about 3 by 1.5 cm., and is enlarged basally but Scott.) Enlarged, 
pointed apically. 

Another recently described medullosan seed from Illinois is Rotodgn^ 
tiospermum illinoiense. This fairly l^e seed is round in cross section 
and has a two-layered testa. Th|>^ner layer, instead of being three- 
angled, as in Trigonocarpus f bears about 20 longitudinal ribs of equal 
height. This ribbed layer appears fibrous rather than sclerotic and con- 
sists of a system of intertwined threads. A vascular strand traverses 
the length of each furrow between the ribs. The micropylar region 
this seed is similar to that of Trigonocarpus and medullo8an*affipitei 
seem further expressed by the nucellus, which is attached only M ^ 
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base, and by the double vascular supply. In some respects Rotodontio- 
spermum stands somewhat apart from other members of the Trigono- 
carpales, but it is intimately associated with the roots, stems, and petioles 
of Medullosa Noei to which it probably belongs. 

No seed has been assigned to a medullosan stem \vith the certainty 
with which Lagcnostoma has been linked to Lygmopt&is. A few instances 
are known, however, of seeds attached to Alethoplens and Neuropteris, 
but the assumed attribution to medullosan stem types is based upon 
structural resemblances and the less dependable evidence of association. 
There remains no doubt, ho^^ever, in the minds of paleobotanists, that 
most of the Trigonocarpales, along with AlcthopUns and NeuropteriSj 
belong with the Mcdvllosa type of stem, but little is known with respect 
to possible connections between species. 

In 1905, Kidston announced the interesting discovery of the attach- 
ment of seeds to fronds of Neuropteris lukrophylla. In this species the 
pinna racliis with the terminal seed bears ordinary pinnules right up to 
the base of the seed, and is not in any way modified or different from the 
seedless pinnae. The seeds are ovate and broadest at th(' middle, but 
taper to an apical beak or snout. They are about 3 cm. long and more 
than 1 cm. broad. The surface is longitudinally furrowed, which prob- 
ably indicates the existence of fibrous strands in the rehta, but other- 
wise nothing is knowm of the internal structure. 

The atta<'hed seeds of Nevropto'is hderophylla were discovered in 
small ironstone nodules from the middle Coal Measures near Dudley, 
England. Kidston’s photographs show^ on each of the two halves of the 
split nodules, a seed compression with a few'^ characteristic pinnule^ of N. 
heterophylla attached to a very short length of the pinna rachis at the 
base. Because of the fibrous surface Kidston referred the seeds to the 
genus Rhabdocarpus, but later authors, realizing the radiospermic 
character, have created for them the new genus Neurospermum. Seward 
has since identified them with Brongniart^s genus Neuropterocarpus. 

The alleged seeds of Ncuropkris hollandica (originally identified as N. 
obliqua) from the ^^Coal Measures’^ of the Netherlands are similar to 
those of N, heterophylla but are somewhat larger, and are terminal on 
dichotomously branched pinnae with ordinary foliage pinnules up to the 
point of attachment. 

In his recent textbook, '^Gymnosperms: Structure and Evolution/^ 
Chamberlain has figured a restoration of Neuropteris decipiem with 
seeds attached (page 17, Fig. 11). Seed attachment to AT. decipiem ^ 
however, has not been observed, and the concept for the restoration was 
no doubt derived from published figures of AT. heterophylla. 

Al 0 Skopi 0 tu* Norinii, the first member of that foliage genus to be 
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observed with seeds attached, came from the Permian of China. The 
longittidinally striated seeds, which somewhat resemble those of N, 
heterophylla except for the lack of the attenuated beak, are oblong- 
lanceolate bodies measuring about 12 by 40 mm., borne among the 
ordinary foliage pinnules, each apparently replacing a single pinnule. 

Some Othei{ Palkozoic Pteridosperms 

Several examples of seed attachment are known where the material 
cannot be referred to either the Lyginopteridaceac" or the Medullosaceae. 
A familiar example is Pecopteris Pluckeneh. Attachment is at the ends 
of the lateral veins at the margins of the pinnules, which are sometimes 
slightly modified. The seeds, known in the isolated condition as 
LepioUMa GramVEuryi, show some interesting structural details that may 
indicate a primitive condition. The nucellus is entirely free from the 
integument, even at the base, but is suspended from the arch of the 
seminal ca\dty by an elastic ring around the upper part. This ring is 
int(*rpre1ed as erectile tissue that served to push the nucellus up against 
the rnicropyle at the time of pollination. The integument is differenti- 
ated into sarcotestal and sclerotestal layers, the former being broadened 
laterally into a narrow wing, thus identifying the seed as a member of 
the Cardiocari)ales. On the other hand, the vascular system extends 
only into the integum(uit, a feature in common with the Lagenostomales, 
and the free integumcuit is a feature characteristic of the Trigonocarpales. 
In some ways this seed appears to be a composite type, and some authors 
consider these peculiarities sufficient to warrant placing it in a separate 
group, the Leptotestales. 

Just previous to tlie disc6very of the seeds of Pecopteris Pluckeneti, 
David White announced the attachment of seeds to Aneimites fertilis 
from the Pottsville (low^er Pennsylvanian) of West Virginia. The small 
rhomboidal bilateral seeds, which wTre borne at the tips of reduced pin- 
nules, average 4.5 mm. in length, and they appear to possess a narrow 
Aving. The internal structure is unknown. 

The attachment of seeds to several pteridosperms from the Permian 
of China has recently been announced. In addition to Alethopteris 
Noriniif already mentioned, they include Sphenopteris tenuiSj Pecopteris 
Wongii, Emplectopteris triangularis, and Nystroemia pectiniformis^ 
Sphenopteris tenuis, which is probably not a member of the Lyginopter- 
idaceae, has small oval seeds measuring 4 to 5 mm. long produced singly 
at the bases of the lower surfaces of the pinnules. Little is known of 
the internal structure of these seeds. The position is in marked contrast 
to that of other species of Sphenopteris, In Pecopteris Wongii an ovoid 
seed about 7 mm« long appears attached by a curved stalk of about its 
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own length to the main rachis but the relation to the vegetative pinnae 
is not clear. In Emplectopteris triangularis the narrowly winged and 
platyspermic seeds appear to be borne singly on the surface of the 
pinnules, which show no reciuction or modification in any way. This 
method of attachment is similar to that shown by S. tenuis^ although 
in the latter the attachment appears to be either to the rachis or at the 
extreme base of the pinnule. Tliis attachment to unmodified pinnules is 
in marked (‘ontrast to that shown by earlier Paleozoic seeds, which are 
terminal on pinnulate or naked frond ramifications. Nystrocmia pectini- 
formis is a peculiar form in which the lateral pinna rachises bear on their 
adaxial surfaces numerous stalklike pinnules which divide by unequal 
dichotomy, with each ultimate branch producing a terminal seed. The 
seeds are small, narrowly obovoid, platyspermic, and bicornate at the tips. 
Nystrocmia is an isolated pteridosperm of obscure affinities. 

Similar to and probably congeneric with Kmplccioptcris^ is Lc.sc a rop- 
teris from the upper Concmaugh (middle Pennsylvanian) of western 
Pennsylvania, of which tw'o species are known to bear seeds. 

The CALAMOPITYACEAr: 

The Calamopityaceae is an assemblage of I'pper Devonian and Lower 
Carboniferous plants, w^hich are grouped with the Pteridospermae 
entirely on the basis of the anatomical structure of the stems. Foliage 
or reproductive organs are unknown for any of them, although a few 
have been found with the basal parts of the petioles attached. The 
family is to a large extent an artificial one, and near affinities with 
either of the previously discussed families are unlikely. However, in 
being monostelic they recall to some extent the Lyginopteridaceae, 
although the large petioles with numerous bundles found on a few of the 
stems constitute at least a superficial resemblance to the Medullosaceae. 

The Calamopityaceae embrace 7 genera and about 16 species. The 
genera have been divided into two groups on the structure of the second- 
ary wood. * In the ^^monoxylic'^ group the wood contains rather large 
tracheids and broad rays, thus imparting to it a soft or spongy texture. 
It consists of three genera, Sienomyelon, Calamopitys^ and Diichnia. 
The ‘‘pycnoxylic’^ group contains the four genera Eristophytorij End- 
oxylon, BiligneOj and Sphenoxylon, In these genera the wood is compact 
with small tracheids and narrow rays, and therefore resembles that of 
the Cordaitales and the Coniferales. The monoxylic Calamopityaceae, 
in contrast, have wood more like that of the Lyginopteridaceae and the 
Medullosaceae. 

Stenomyelon, — This genus of three species is considered the most 
primitive of the family. The small stem in cross section is three angled 
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with rounded cornerh and lackb a distinct pith. The leaf traces depart 
from the three lobes of the central primary \ylem mass, and the proto- 
xylem is not distinct except A\here it partakes of trace formation. Two 
species are known. One is Sicnomyelon muratum from the late Devonian 
Nev Al])any shale of Kentucky, in vhich the tracheids of the primary 
xylem are inter mixed ^vith parenchyma, thus producing a mixed pith 
The leaf trace originates as a single mesarch stiand that soon divides 
into t^^o. In the cortex several more divisions occur so that the trace 
supply of the petiole consists of a numbcT of circular or slightly oval 



Fig 115 Calamopttys amtricana Cross section of stem showing the mixed pith 
ind the bioad rays of the secondary wood Section ot the t\pe specimen of Scott and 
Jeffiej Uppei pait of the New Albany shale Junction Cit\, Kentuckv X about 4. 

strands arranged in a horseshoe-shaped pattern. In the other species, 
S luedianum, from the Lower Carboniferous Calciferous Sandstone of 
Scotland, the mixed pith is not present, but the three lobes of solid 
tracheids are separated by three narrow partition^ of parenchyma, which 
meet at the center of the stem. The secondary v ood of both species is 
about as wide as the diameter of the primary core, and it contains 
numerous multiseriate rays which become narroii ly fan-shaped as they 
approach the inner edge. The cortex is mostly homogeneous and 
parenchymatous except for a network of hypodermal strands in the outer 
part. 

Calamopitys , — This genus of six species is the largest of the family. 
The species have been handled differently by different authors, Scott 
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included within it the three species of Eristophyton (a name proposed by 
the Russian paleobotanist Zalessky) and retained it as a subgenus of 
Calamopiiys. Since all three species of Eristophyton agree with respect 
to important characteristics of the secondary wood, it is retained here as 
a separate genus. 

The most thoroughly investigated species of Calamopiiys is C. 
americana (Fig. 115), from the upper part of the New Albany shale. 
In the center of the stem there is a relativel.y large pith which in large 
stems is as much as 13 mm. in diameter, and which contains tracheids 
intermixed with parenchyma. Surrounding the mixed pith is a ring of 
partly confluent mesarch primary xjdem strands in which the protoxylem 
lies nearer the outer than the inner margin. A leaf trace originates as 
a branch from one of the circummedullary strands, and the reparatory 
strand continues upward Avithout interruption and without the formation 
of a leaf gap. The trace divides into tw o before it reaches the outside 
of the Avoody cylinder, and several bundles are present in the petiole 
base. The secondary Avood is a loosely arranged tissue of large tracheids 
and broad rays. There is some general resemblance betw'ecm th(‘ Avoody 
axis of C, americana and that of Hcterangnnn, but the leaf-trace supply 
constitutes an important ditfereiK^e. The AAn)ody cylinder is surrounded 
by a thin phloem zone and a thick cortex. 

Calamopiiys anjiularis, from beds AA^hich may range from the Upper 
Devonian into the LoAver Carboniferous, is similar to C. americana in all 
its essential features. C. annularis came from Thuringia, and although 
Awide geographical separation is no specific criterion, the name has, on 
this account been retained. C. Saturnij also from Thuringia, is dif- 
ferent. It has a small pith only a feAV millimeters in diameter XA'hich is 
entirely parenchymatous, and aa hich lacks medullary tracheids. Around 
the pith are six separate centrally mesarch primary xylem strands. 
C. Saturni is considered a more advanced species than either C. americana 
or C. annularis, 

Diichnia, — This genus AAuth one species, D. keniuckiensis (Fig. 11()A) 
is from the Upper Devonian Ncav Albany shale. The stems, which are 
somew^hat variable in size, possess a five-angled “mixed pith’^ surrounded 
by a narrow zone of secondary wood with broad rays. The primary 
xylem consists mainly of small mesarch strands near the extremities of 
the pith angles, but separated from the secondary wood by a small 
amount of parenchjona. A characteristic feature of the genus is the 
double leaf trace, which originates as a pair of strands from adjacent 
pith angles. These strands pass out through the cortex and enlarge 
somewhat. They finally divide one or more times, and the entire set of 
bundles enters the petiole. The cortex is chiefly parenchymatous except 
/or a network of hypodermal strands. 
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The name Kalymma has been assigned to detached petioles of Cal- 
amopitys and related genera, K. lirata is the petiole of Calamopityfi 
americana^ and K. resinosa is believed to belong to Diichnia kentucMensis. 



Fig. IIH. — (A) Diichnia kentuckiensis. Cross section of stem showing the o-angled 
pith and the small primary xylem strands in the angles. The two strands at the left have 
divided preparatory to trace emission. (Drawn from figure by Read.) X about 

(B) Sphenoxylon eupunctaia. Cross section showing the irregular pith, the small 
primary xylem biindles, and the four large inw'ardly projecting secondary wood wedges 
each containing a departing trace. Pith and trace parenchyma stippled; primary xylem 
in solid black. (Drawn from figure by Dale Thomas.) X about 2. 

These petioles are characterized by a ring of bundles embedded in a 
parenchymatous ground mass and a hypodermal layer of sclerotic 
strands. The bundles may form a bilaterally symmetrical ring or a 
horseshoe pattern. They may be yadially or tangentially elongated or 
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circular. Although nothing is known of the foliage borne by these 
petioles, there is evidence that they supported dichotomously forked 
fronds. It also appears that the small branches stood out at right 
angles to the parent axis, which is suggestive of some of the fronds of 
the Lyginopteridaceae. 

Pycnoxylic forms . — The best known genus of the pycnoxylic C/al- 
amopityaceae is Eristophyton, which, as stated, is considered by some 
authors a subgenus of Calamopiiys. In Erislophyion the primary xylem 
strands are very unequal in size. The lower part of a strand is small 
and often entirely endarch, but as it progresses upward it becomes larger 
and centrally mesarch. In E. fdscicularis the smaller strands are 
embedded in the pith, but as they enlarge they swing towai’d the edge 
of this tissue and come in contact with the secondary wood just before 
departure to form a trace. In E. Beineriiana all the strands lie adjacent 
the secondary wood. 

Sphenoxylon^ with one species, S. eupmictata (Fig. llGjB), from the 
basal Portage of central New York, is the only pycnoxylic type found in 
North America, Only the pith and the primary and secondary xylern 
are preserved. As seen in cross section, the stem presents some striking 
peculiarities. The pith is small and rather indefinite as to its outer 
limits. It is quadrangular in outline due to four large inwardly proje(‘ting 
wedges of xylem. These wedges are associated with leaf-trac^e departure. 
The pith contains both medullary trachelds and small mesarch medullary 
xylem strands?^ A fe\v of the strands are in contacjt with the secondary 
wood. When a trace departs, it passes through the center of one of the 
large inwardly projecting wedges, and within the w^edge the tracheid 
rows curve strongly toward a small radial band of primary xylem within 
the tip portion. The trace is single at its point of origin but divides 
farther out. A few other peculiarities are also showm. The secondary 
tracheids bear bordered pits on their tangential as well as their radial 
walls. There are also distinct growth rings (structures not common in 
Paleozoic woods), terminal xylem parenchyma, and xylem rays which 
are mostly uniseriate. 

Endoxylon, from the Lower Carboniferous limestone of A3nrshire, is 
the most advanced member of the Calamopityaceae. It contains one 
species, E. zonatunif in which large mesarch primary xylem strands are 
distantly spaced around the outer margin of the pith. No pith tracheids 
are present. A feature possessed in common with Sphenoxylon is a 
series of well-defined growth rings of which there are 14 in a cross section 
having a radius of 2.5 cm. 

Relationships , — Very little can be said concerning the origin and 
relationships of the Calamopityaceae. Investigators have noted, how- 
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ever, that the tliree-angled primary xylem strand of the Devonian genus 
Aneurophyio7i bears considerable resemblance to that of Stenom/yelon. 
Aneurophyton may be an early member of the calamopityean alliance 
which then suggests the possibility of the Calamopityaceae having 
developed from psilophytic ancestors in which the leaves and stems were 
indistinctly differentiated. The affinities of Aneurophyton^ however, 
are obscure, and it is believed that this plant reproduced by spores. 
Although there is some similarity in the structure of the xylem of Ileteran- 
gium and Calamopitys, they are distinguished on the structure of the 
petioles, and whatever similarities exist, are probaV)ly the result of 
parallel evolution. A common ancestry, if such existed, was remote. 

PTERIDOSPERMS OF THE LATE PALEOZOIC AND THE MESOZOIC 

The pteridosperms suffered a great decline during the Permian. 
They were abundant at the beginning, but with the onset of widespread 



Fk}. 117, — Thinnfetdia sp, FoliaRO of a probable Mesozoie ptoridosperin. Upper Karroo. 

South Africa. 

aridity which was followed in some parts of the earth by extensive 
glaciation, many of the genera became totally extinct. The few that 
survived to the end of the period did so in greatly modified form. 

The early Permian pteridosperms do not differ markedly from those 
of the precedi/ig Coal Measures. In the Permian rocks of Eastern 
North America (the Dunkard series) we find the same leaf genera as in 
the uppermost Pennsylvanian in that region. In the central part of the 
continent, however, the early Permian rocks (the so-called '*Red Beds*’) 
show evidences of increasing aridity. The rocks, characterized by their 
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red color, show remains of sun cracks, casts of salt crystals and other 
dessication features, and the foliage of the plants tends to be more 
leathery and more adapted to dry surroundings. A well-known plant of 
the Permian in Texas and Oklahoma is Giganfopteris americana (Fig. 
181A). It has large ribbonlike fronds, which are sometimes forked. 
Each frond possesses a strong midrib from which straight lateral veins 
extend at an upward angle to the margin. The fine veinlets form a 
network between them. Small flattened seeds have been found in^ 
association with the leaves. 

The genus Calliptcris is a widely spread Permian leaf type believed 
to be a pteridosperm. Calliptcris has thick pecopteroid or sphenopteroid 
pinnules somewhat decurrent at the lower margin and often connected at 
the base afte^r the manner of AlethopUris, Calliptcris conjerta (Fig. \SlB) 
is an “index fossiP’ of the Permian throughout the Northern Hemisphere. 

The existence of pteridosperms in the IMesozoic was suspected for 
some time before evidence based upon fructifications established their 
presence in rocks of that era. Thinnjddia (Fig. 117), a leaf type similai* 
to S%ipaiay was suspected as early as 1807 as being intermediate bc^tw een 
the ferns and the gymnosperms. More recently such genera as Lomatop- 
/cm, CycadoptcriSj and Callipteris have been provisionally classified with 
the pteridosperms but without the support of the fertile parts. 

Thp: Peltaspekmaokak 

This family name was proposed after the discovery of the identity of 
certain seeds and microsporophylls with leaf fragments belonging to the 
form genus Lepidopteris. At present two species, Lepidoptcris otlonis and 
L. natalensisj are embraced within the family. 

The associated leaves, seeds, and microsporophylls of Lepidopteris 
ottonis (Fig. 1185) have been found in the Rhaetic (uppermost Triassic) 
beds of eastern Greenland. The leaf is a small bipinnate frond closely 
resembling that of Callipteris and certain other Paleozoic pteridosperms, 
but it is distinguished by small blisterlike swellings on the rachis. The 
pinnules are attached by a broad base, and the venation is of the simple 
open type. The cuticle is thick, and stomata occur on both surfaces of 
the pinnules, ^although they are more numerous on the surface believed 
to be the lower one. Ti m seeds are suspended in a circle around the 
central stalk on the lower surface of a peltate cupulate disc, which is 
about 1.5 cm. in diameter. The seeds themselves are oval bodies about 
7 mm. long and 4 mm. in diameter, and have curved micropylar beaks. 
In this species the seed-bearing discs have not been found on the inflores- 
^nees that bore them, but in L, nalalensis from the Karroo formation 
erf South Africa the inflorescence is a slender axis bearing the discs in a 
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spiral order. In this species it appears that only one seed per disc 
reached maturity. 

The microsporophyll of L. ottonis is a branched structure with micro- 
sporangia suspended from the side toward the base of the main axis. 
The pollen sacs are about 2 mm. long and 1 mm. wide. Dehiscence was 
by a lengthwise slit. The pollen grains are small, oval, bilaterally 
symmetrical bodies with smooth walls. 

Tll K ( "OKYSTOSPKKMA CKAU 

This family was recently instituted by Thomas to include se?ed- and 
pollen-bearing inflorescences and foliage that, although not found in 
attachment, are believed to be related pai*ts. They were derived from 
the Molteno beds of the upper part of the Karroo formation of Natal, 
probably of Middle Jurassic ago. The plants were probal^ly small and 
bore variable fernlikt^ fronds. The inflorescences are unisexual, consist- 
ing of a main axis with lateral branches. In the seed-bearing inflores- 
cence the branches arv. axillary in small bracts, and each branch bears 
two or more stalked, recurved, helmet-shaped, campanulate or ))ivalved 
cupules, which in turn bear a single seed each. The seeds are ovoid or 
elliptical, measure 3.5 to 7 mm. in length, and have curved, bifid micro- 
pyles, which project from the cupules. The pollen-bearing inflorescences 
lack the subtending bracts. The tips of the ultimate branches are 
enlarged, and on thes(‘ are a number of pendulous sporangia which con- 
tain winged pollen grains. 

This family was founded upon three seed-bearing inflorescences 
described as I vikorriasia, Pilopho7'ospenna, and Spcrmaiocodon. A 
fourth genus, Zuberia, from Argentina, has recently been added. In 
Umkomasia (Fig. USD and E)^ which has two species, the branching is 
in one plane and the cupule is deeply divided into two lobes. Pilophoro- 
sperma is similar except that the helmet-shaped cupule has but one cleft, 
and the inner surface is covered with hairs. It contains eight species. 
In Spermatocodm some of the branches are spirally arranged in contrast 
to Umkomasia and Pilophorosperma in which the branching is in one 
plane. It has one species. '^The pollen-bearing organs associated with 
all of these are assigned to Pteruchus (Fig. 118G). Eight species have 
been named. The clustered sporangia arc lanceolate, apparently lack a 
dehiscence line, and probably bore the pollen in two locules. The pj|[jllen 
grains have a central cell and two symmetrically placed lateral wings. 
The inflorescence is very similar to Crossotheca and would be difficult ha 
distinguish from it except for the winged pollen grains. It may represent 
the persistence of the Crossotheca or Telangium type of pollen-bearing 
organ into the Mesozoic era. 
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The foliage of the Corystospermaceae is believed to be represented by 
several frond genera, such as Dicroidium, Thinnfeldia^ Slmopteru, and 
Pachypteris. Although not found actually attached these leaf types are 
intimately associated with the inflorescences, and the structure of the 



F^o. 118. — Fru(!tifi(;atioii.s and seeds of Hhaetic and Middle Jurassic pteridosperms. 
(A) Caytonia Thomaai. Longitudinal section of fruit showing the orthotropous ovules. 
{After Harris.) Greatly enlarged; {B) Lepidopteris oftonis. Kcstoration of cupulate disc 
from which all seeds except three have fallen. {After Harris.) X about lj' 2 . (C) Cay- 

tonia Nathorsti. Ovulate inflorescence showing the pinnately attached fruits. {Af*^.r 
Thomas.) Slightly redacod. x.iP) Umkomaaia Max±,eani. Ovulate inflorescence. {After 
Thomas.) Natural size. {E) Umkomasia sp. Pair of seed cupules. {After Thomas.) 
X 2. (F) seed V>elonging to the Corystospermaceae. {After Thomas.) X 3; {Q) Pteni- 
chus afrioanus. Microsporangiate inflorescence. {After Thomas.) X iH* 


epodermis of both the foliage and the inflorescences is sufficiently similar 
to indicate relationships. 


The Caytoniales 

This group of plants was named in 1925 from remains discovered in 
liie Middle Jurassic rocks of the Yorkshire coast. They consist of 
fruit-bearing stalks {Caytonia), microsporophylls (CaytonanOmi), and 
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foliage {Sagenopteris), The two Yorkshire species of Caytonia, C. 
Sewardi and C. Nathorstiy have been identified with the foliage forms 
Sagenopteris colpodes and S. Phillipsi, respectively. The micro- 
sporophyll Caytonanthiis Arberi belongs to one of these also. A third 
species, Cayionia Thomasi (leaf S. Nilssoniana and microsporophyll 
Caytofunithns Kochi) has been found in slightly older rocks in Eastern 
Greenland. 

When first described Cayionia was compared with the angiosperms, 
and the genus has been referred to by numerous writers as a Jurassic 
representative of this class of plants. Later investigations, however, 
have shown that the genus is essentially gymnospermous and most 
closely related to the Ptcridospermae. 

The fruit-bearing stalk, or the megasporophyll, is a dorsiventral 
structure, 5 cm. or more in length, which bears shortly stalked fruits 
laterally in subopposite pairs (Fig. 118C). The fruit is a rounded, sac- 
like body, 5 mm. or less in diameter, with a situated close to the 

stalk. Between the ^‘lip^^ and the stalk is a narrow ^‘mouth.^^ In 
Cayionia Thomasi (Fig. 1 18d ), and probably in the other species also, the 
lip opened into the interior of the fruit, where small orthotropous seeds 
are situated in a row on the curved inner surface. The micropyles 
point toward the mouth. It appears that the mouth opened when 
pollination took place, but closed soon afterward, and that the seeds' 
matured within the closed fruit. Pollen grains have l)een observed 
within the micropyles of the seeds, thus showing that the pollen actually 
reached the ovule and did not germinate on the lip as was formerly 
supposed. Angiospermy, therefore, was only partly attained in Cayionia. 

The small seeds vary from 8 to 30 per fruit, depending somewhat 
upon the species. The integument is single and free from the nucellus 
to the base. The seeds lack the micropylar beaks present in the Pelta- 
spermaceae and the Corystospermaceae. 

The genus Grisihorpia, also described from Yorkshire, has been uniteii 
with Cayionia. 

^CayionanihuSy the microsporangiate fructification, resembles Cayionia 
somewhat in form, but the tips of the pedicels are often subdivided, 
with each subdivision bearing a cluster of quadrilocular microsynangia. 
The pollen grains are small and doubly winged like those of pine, except 
that the wings are directly opposite each other. J 

The leaf, SagenopteriSy is palmately compound with three to six 
lanceolate leaflets, ranging from 2 to 6^ cm. in length, borne on the tip of 
a petiole. The venation is reticulate. The identity of the leaves and 
fertile parts has been established by the similarities in the structure of 
the stomata and epidermal cells of these organs. 
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liHORPHOLOGIC AND PHYLOGENETIC CONSIDERATIONS 

Because of the complexity of the problems pertaining to the mor- 
phology and relationships of the pteridosperms, only a few outstanding 
features will be mentioned. The essential conclusions are listed in 
summary fashion as follows: 

1. The Origin of the Pteridosperms, The pteridosperms probably 
developed either direcd-ly from psilophytaleari stock or from some inter- 
mediate fernlike type previous to the Carboniferous. The latter course 
seems more likely in view of the recent discovery of heterospory in 
^4 rchaeopteris. 

2. Relation to the Ferns. The question may very reasonably be asked 
whether the p teridosperms are feriuj with sei^ds or gvmnosperms .with 
f ernlike foliag e. Some botanists argue that if the seed habit is insufficient 
to set the so-called Spermatophyta apart as a separate division of the 
plant kingdom, the mere presence of seeds in the pteridosperms should 
not exclude this group from the ferns. The pteridosptums, they main- 
tain, are simply seed-bearing ferns just as the lepidocarps are seed-bearing 
lycopods. The proponents of this view also refer to numerous fructi- 
fications, having evident affinity with the ]\Iarattia(*eae, found on 
Pecopteris and Sphenopteris foliage, which, moreover, have never been 
shown not to belong to seed plants. They regard some of these as 
possible pollen-bearing organs of pteridosperms. 

Unless a fructification of proved filicincan affinity is found attached 
to a plant known to be seed-bearing, or its connection is established by 
other means, it is useless to try to establish a connection between the 
ferns and seed-ferns on the basis of the fructifications. It has been 
emphasized before that the identity of the microsporangiate organs of 
the pteridosperms is based mostly on inference and association, and that 
those fructifications thought most likely to be such are quite different 
from the supposed fossil marattiaceous ferns. 

Filicinean affinities among the pteridosperms are suggested by certain 
anatomical features as well as by the form of the foliage, but the femlike 
aspect of the foliage is more apparent than real. It should be recalled 
that Potoni4 first proposed the name Cycadofilices for stems showing 
transitional characters between the ferns and higher seed plants. Wil- 
liamson had previously noted a similar combination of structures in 
Heterangium, 

3. Relation to the Cycadophytes, It is just as logical to call the 
pteridosperms cycads without strobili as ferns with seeds. Although 
the primary stele of Heterangium or Medullosa is on the approximate 
level of the protosteles of some ferns, the stem when viewed in its entirety 
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is decidedly cycadlikc. The connection between the Medullosa(;eae and 
the cycadophytes seems especially close when all features of the structure 
of the stems, petioles, and seeds is taken into account. 

4. Relation to the Higher Gymnosperms. Epidermal studies show that 
the foliage of the pteridosperms is typical of that of the higher gymno- 
sperms in some respects. There is very little evidence of derivation of 
the Cordai tales and the Coniferales from pteridospermous ancestors, 
although there is a suggested connection between some of the Calamo- 
pityaceae and the Pityac>eae. However, the true limits of neither of 
these latter groups are perfectly understood. The ginkgoalean leaf may 
have been derived from the wedge-shaped pinnule of some Paleozoic 
pteridosperm. 

5. Relation among Themselves. Early in their history the pterido- 
sperms became diversified into several groups, and some might have had 
an independent origin. The group as a whole dominated the flora of the 
late Paleozoic previous to the Permian ice age. Only a few pteridosperms 
survived this climatic barrier, and those that persisted did so in modified 
form as late as the Middle Jurassic. 

Aside from questions of affinity, Avhich apply to all plant gi‘oups to 
more or less the same extent, the main problem pertaining to the pterido- 
sperms is finding a satisfactory means of establishing connections between 
detached organs. It is very seldom that seeds are found in actual 
attachment to vegetative parts, and it is rarer still that the male inflo- 
rescence can be correctly assigned to a seed-bearing frond. A sufficient 
number of attached seeds have been found to give a fairly accurate 
notion of which of the leaf genera belong to pteridosperms. However, 
some species of Sphenopteris and also of Pccopteris are known to bear 
fern fructifications, whereas others produce seeds. Epidermal studies 
may in some cases furnish valuable clues for separation where seed 
attachment or preserved stems are lacking. 

Position of the Seed on the Plant 

As stated at the beginning of the chapter, none of the pteridosperms 
is known to have produced strobili or organs resembling them. It is 
true that the number of known pteridosperms, with seeds attached, 
probably does not exceed a dozen, but the absence of detached cones or 
conelike organs in the fossil record that might be attributed to pterido- 
sperms justifies the assumption that the seeds were borne singly through- 
out the group. 

In a recent account of some pteridosperms from China, Halle has 
assembled pertinent data on the position of the seed on the plant. The 
following examples are given: 
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1. Lyginopteris oldhamia. C-upulate seeds ai*e terminal on naked 
frond ramifications. The cupules may represent modified pinnules, but 
this is uncertain. 

2. Neuropteris heterophylla. The seed is terminal on the pinna 
rachis, which bears ordinary pinnules up to the seed. 

3. Neuropteris hollandica. The situation here is similar to that of N. 
heterophylla^ but in the single observed instance the pinna rachis is forked 
just below the seed with pinnules extending beyond the bifurctation. 

4. Aneimites fertilis. The small seeds are terminal on naiTow naked 
pedicels, which correspond to reduced frond segments. 

5. Pecopteris Pluckeneti. The seeds are attached at the ends of the 
small veins at the margins of the ordinary pinnules. The pinnules are 
not at all, or only very slightly, modified. 

6. Alethopieris Norinii. Attachment is on the rachis of an ultimate 
pinna, with unmodified pinnules below and beyond the seed. 1lie seed 
therefore may replace a pinnule. 

7. Sphenopteris tenuis. Seed borne on the lower side of the rachis of 
an ultimate pinna or on the extreme bases of unmodified pinnules. 

8. Emplectopteris (Lescuropieris) triangularis. Each unmodified fei- 
tile pinnule bears a single seed on its upper surface. 

Too few examples of seed attachment among pteridosperms are 
known to support definite conclusions concerning the evolution of the 
position of the seed, but those given present some interesting facts. 
Lyginopieris oldhamia and Aneimites fertilis are the oldest to which seeds 
have been found attached, and they bear their seeds terminall 3 '' on 
strongly reduced naked frond segments. In Neuropteris heterophylla 
and N. hollandica from the middle Upper (-arboniferous the seeds are 
still terminal but on unmodified pinnae. In the Upper Carboniferous 
Pecopteris Pluckenelij the seeds have taken a marginal position on normal 
or slightly modified pinnules, but in the Permian species, Alethopieris 
Norinii, Sphenopteris tenuis, and Emplectopteris triangularis, the seeds 
are on the surface of the rachis or the pinnules. There is a suggestion, 
therefore, that there has been a transition from a terminal position on a 
naked rachis to a position on the surface of unmodified foliar organs. 
This situation is paralleled somewhat in the ferns. In the earlier ferns 
the sporangia are often terminal on reduced stalklike segments (as in 
Archaeopteris) , but those with sporangia on the pinnule surface, such as 
Asterotheca and Ptychocarpus, become more frequent at a later age. 
Although there are probably many exceptions, and generalizations 
should be made only with caution, there does seem to be a parallelism 
between the seed of the pteridosperms and the fern sporangium with 
regard to position on the plant, and this may be the result of their 
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common origin from psilophytalean ancestral types with terminal 
spore-bearing organs. 
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CHAPTER X 


CYCADOPHYTES AND GINKGOS 

Although the Mesozoic has been called the *^\ge of (^ycads,” the 
appellation ‘‘Age of Cycadophytes'’ would be more appropriate. This is 
because of the existence at that time of the cycadeoids, plants related to 
cycads and in common parlance often referred to as such, but different 
from them. 

The term '‘cycadophyte^^ as employed here embodies the Cycadales, 
or true cycads, both living and extinct, and the Cycadeoidalcs, a group 
of cycadlike plants that is entirelj^ extinct. There are some funda- 
mental differences between these groups. In the Cycadeoidales the 
fructifications are flowerlike organs with a whorl of stamens surrounding 
a central ovuliferous receptacle. In contrast the relatively simple cones 
of the Cycadales are constructed more like those of other gyrnnosperms. 
Another basic difl’erence is found in the epidermis of the leaves. In the 
Cycadeoidales the guard cells of the stomata are flanked by a pair of 
subsidiary cells that originated from the same mother cell as the guard 
cells. Furthermore, the walls of the epidermal cells are usually wavy 
instead of straight. In the Cycadales, on the other hand, the subsidiary 
cells did not arise from the same mother cells as the guard cells, and the 
epidermal cell walls are usually straight. Other differences betw^een the 
two groups will be subsequently mentioned. The main features possessed 
in common between these tw^o groups are (1) the fact that they are all 
naked-seeded plants, and (2) the prevailingly pinnate plan of the foliar 
organs. 

The earliest cycadophytes probably arose from pteridospermous 
ancestors during the late Paleozoic. We have little exact knowledge of 
Paleozoic cycadophytes, although it is possible that certain leaf forms 
such as Eremopteris were early members of this line. We do not know 
which of the two cycadophytic groups is older, although the cycadeoids 
did attain a much higher degree of specialization and are more prom- 
inently displayed in the fossil record. The history of the true cycads 
has been more obscure, and only recently have we begun to realize that 
they existed in considerable numbers as early as the late Triassic^ Stud- 
ies of leaf cuticles and fructifications have been mainly instrumental in 
the gradual unfolding of the history of this group, 
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The decipherable record of the eycadophy tes begins with the Triassic. 
The group probably reached its developmental climax during the Middle 
or Late Jurassic, although it still remained an important element of the 
flora throughout the early Cretaceous. By late Cretaceous times it had 
declined to a position of subordination, and today the only survivors are 
the nine living genera of the Cycadales. 

Cycadophytes arc preserved in various ways. The abundant 
sclerenchyma and the thick layer of cutin covering the leaves are admir- 
able adaptations for preservation in the form of compressions. All 
parts of the plant, with the possible exception of the roots, have been 
found in the petrified condition, and the perfection with which the 
morphology of the vegetative and reproductive structures of some 
members has been analyzed probably rivals that of any other group of 
fossil plants. Petrified foliage, however, is known mainly from young 
leaves contained within unopened buds at the apices of the trunks. 
Casts of the trunks and the large globular floral buds are occasionally 
found. 

THE CYCADEOIDALES 
Historical 

Evidence that the cycadeoids attracted attention during ancient 
times is furnished by the discovery in 1807 of a silicified trunk in an 
Etruscan tomb where it had Ixien placed more than four thousand years 
before. The specimen has subsequently been described under the name 
Cycadeoidea etrvsca. The years immediately preceding and following 
the finding of this trunk mark the beginning of important cycadeoid 
studies in both Europe and North America. Many of the specimens 
described during this period had been discovered earlier, and had in the 
meantime reposed either in museums or in the possession of private 
collectors. The first cycadeoids described from Great Britain were 
sandstone casts of Wealden age, which were assigned to the genus 
Bucklandia in 1825. In 1875 the name Cycadeoidea was proposed for 
petrified trunks from the Isle of Portland. Several years later similar 
trunks were found on the Isle of Wight.. This island has become the 
most important European locality for silicified specimens. 

In 1868 Williamson published his well-known account of Zamia gigas 
from the Jurassic of the Yorkshire coast. By piecing together various 
fragments of the trunks, inflorescences, and foliage, he was able to 
reconstruct the entire plant. This species was later made the type of 
the genus Williamsonia^ At about the same time Carruthers described 
Bennettites GibsonianuSy from the Lower Greensand (Lower Cretaceous) 
of the Isle of Wight^ In contrast to Williamson^s material from York- 
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shire, the Isle of Wight cycadeoids are silicified and Carruthers was able 
to include in his description of Bennetlites something of the internal 
structure of the trunks. B, Gibsonianvs was therefore the first cyca- 
deoid to be studied from thin sections. Soon afterward the previously 
described cycadeoids from the Isle of Portland were sectioned, and it was 
discovered that no essential differences existed between the genera 
Cycadeoidea and Bennetlites. Cycadeoidea, having priority, is therefore 
the valid name for the genus, although Bennetlites is still frequently used 
for the species from the Isle of Wight. 

The first cycadeoids to receive scientific attention in America were 
reported by Phillip Tyson from the iron-ore beds of the Potomac forma- 
tion between Baltimore and Washington in I860. About 10 trunks 
were obtained at this lime, but 33 years elapsed before any further 
studies were made. In the meantime, many had been gathered by the 
local inhabitants of the region who, in ignorance of their identity, (tailed 
them *^beehives,” “wasps^ nests,^^ ^^corals,^’ ^^mushrooms,^’ ^M)eef-maw 
stones,'^ and various other names. The first spe(*ies to be di^scribed 
from the collection was Cycadeoidea marylandicay of which tin? external 
features were figured by Fontaine in 1889. In 1897 Lestei- F. Ward 
described G additional species based upon a total of 70 or more trunks. 

What has turned out ultimately to be the most important Amerit^an 
locality for cycadeoids is the Lower Cretaceous rim of the Black Hills of 
South Dakota. Specimens have been found at a number of places along 
the rim, but at two localities, one near Hermosa and the other near 
Minnekahta between Edgemont and Hot Springs, silicified trunks have 
been collected in large numbers. The trunks were first noted by settlers 
in the Black Hills in 1878, but no scientific collections were made until 
1893. The first specimens collected were sent to Lester F. Ward. The 
region was subsequently visited independently by Ward and by Thomas 
H. Macbride, and in October, 1893, Macbride described Cycadeoidea 
dacotensis. In 1899 and 1900 Ward described additional species, which 
made a total of 28 for the Black Hills region. At about this time George 
R. Wieland commenced his studies of the cycadeoids, which resulted in 
important discoveries concerning the floral and foliar characteristics of 
the group. These studies were possible mainly because of the excellent 
preservation of the Black Hills trunks. Altogether more than 1,000 
specimens have been collected and studied. 

A third locality of high ranking importance is the Freezeout Mountain 
region of central Wyoming where cycadeoids were discovered by O.C. 
Marsh in 1898. The fossiliferous beds have been assigned to the Morri- 
son formation and are presumably of uppermost Jurassic age, although 
they are sometimes included in the Lower Cretaceous. These cycadeoids 
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were smaller and less well preserved than those from the Black Hills, 
although in 1900 Ward described 20 species for which he created the new 
genus Cycaddla. All these species, however, have since been transferred 
to Cycadeoidea. 

Silicified cycadeoid trunks have been found in smaller numbers in 
Kansas, Colorado, C'alifoniia, Texas, New Mexico, and elsewhere, but 
nowhere have they approached the quantities secured from the three 
principal regions cited. Unfortunately, the once famous localities are 
now almost entirely depleted of material, and the visitor is fortunate to 
find even a mere fragment. 

The Cycadeoidales consist of two families, the William soniaceacj the 
older and more primitive, and the CycMdeoidaceae, the younger and more 
advanced. 


"J'he Wi lli amsoniacea e 

This family is characterized chiefly by the slender, often considerably 
branched stems or trunks, as (‘ontrasted with the short, stout trunks of 
the Cycadeoidaceae. The inflorescences of the 
Williamsoniac(iae are either sessile or stalked, 
depending upon the genus, but they^ are never 
embedded in the thick ramentum of leaf bases 
and scales as in the other family. 

Williamsonia is a large and important 
genus embracing a few trunks, and a large 
number of leaves and fructifications. Our 
knowledge of it has long centered mainly 
around W. gigas from the Lower Oolite 
(Jurassic) of Yorkshire, and it was of this 
species that the various parts of the plant were 
first assembled. The plant, as it was originally Fig. 1 - wuiianmonia 
restored by Williamson before its real affinities (A/fer 

were kno\\Ti, possessed a slender trunk 2 m. 

or more tall, which was ornamented ^ith closely set spirally arranged 
rhomboidal leaf scars. A dense crown of large, Zamm-like, simply 
pinnate leaves was borne at the top. t-The fructifications, often called 
‘^flowers,” were produced among the leaves on long, scaly peduncles. 
Before the fructification opened it was a globular bud about 12 cm. in 
diameter (Fig. 119). The outer part consisted of a layer of overlapping, 
involucral bracts, which enclosed and protected the essential floral parts. 
No petrified specimens of W. gigas are known, and consequently the 
structure ol the ^'flower” is not as thoroughly understood as one would 
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desire. For more detailed information on the structure of the 
Williamsonian fructification other species are cited. 

The most completely known species of Williamsonia is W. sewardiana 
(Fig. 120), from the Upper Gondwana (Jurassic) of the Rajmahal Hills 
of India. The reconstruction of the plant by Sahni shows a small tree 
with a sturdy columnar trunk not more than 2 m. high, and bearing at 

the top a crown of Ptilophyllum 
leaves. It resembles a small 
specimen of a living Cycas. 
Among the leaves were long 
pointed scales tl\at formed small 
scars on the trunk surface among 
the larger scars of the leaves 
themselves. The leaf-base armor 
formed a thick layer around the 
outside, and projecting through 
this at places were lateral 
branches, some of which bore 
'^flowers.” These lateral shoots 
were constricted at the base, 
which suggests that they broke 
away and served as propagative 
shoots. These side shoots bore 
a few vegetative leaves, but for 
the most part the covering con- 
sisted of bracts and scales. The 
bracts on the lower regions of 
these shoots were simple like those 
on the main stem, but toward the 
tip those which served as bud 
scales were finely cut in a, pinnate 
manner. The ‘^flower'' consisted 
of a central receptacle covered 
with long-stalked ovules and club-shaped interseminal scales. As in 
other Williamsonian fructilications, the “flowers'" of W, sewardiana were 
unisexual, and for this species only the seed-bearing organs are known. 

Partial tissue preservation in the flowering shoots of W. sewardiana 
have shown some details of the internal anatomy. There is a central 
pith about 1 cm. in diameter surrounded by a thin ring of xylem. The 
rays are numerous and mostly uniseriate, although tiiseriate and biseriate 
rays are common. The xylem between the rays is comp SiCtt imparting 
a coniferous aspect to the wood* The tracheids are aU acatarifonn) a 



Fig. 120. — Williamsonia Sewardiana. Res- 
toration. {After Sahni.) 
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feature in agreement with Cycadcoideay although in Bucklandia mdica^ 
a preserved trunk believed to be the same as that of W, sewardiana, 
multiseriate bordered pits exist. The protoxylem is cndarch. The pith 
and cortex are similar in structure and contain irregularly arranged 
secretory sacs. 

Two other Williamsonian fructifi(*ations that have not been found 
attached are WilUmmonia spectahilis txud II". scotica. The former, from 
the Oolite of Yorkshire, is a staminatc “flower’’ vith a whorl of basally 
fused microsporophylls. These organs be(*ome free a short distance 
upward and curve inward. Those fr(^e portions })ear lateral pinnae that 
in turn bear synangia. No basal bracts, appear to be present. W. 
acotica, from the Jurassic of Scotland, is another of the very few examples 
of a silicafied Williamsonian fructification. It is a seed-bearing “flower” 
similar in general structural plan to the “flower” of IT. sewardiana. 
At the top of the hairy peduncle is th(i receptacle, which is covered with 
closely crowded ovules and interseminal scales. Each ovule is shortly 
stalked and the nucellus is surrounded by an integument which is pro- 
longed into a microp^Jar beak which })rojects through the rather firm 
surface layer of the “fruit” produced by the enlarged tips of the inter- 
seminal scales. Some other examples of Williamsonian “flowers,” which 
differ only in detail from those described, a er IF. mcxicana, from southern 
Mexico, and IF. whitblnms, from Yorkshire. 

WilUamsonu'lIa, also originally described from the Middle Jurassic 
of Yorkshire, is a plant of more spreading habit than Williamsonia, The 
best known species is IF. coronata. The stems fork dichotomously, and 
the inflorescences were borne in an upright position in the angles of the 
dichotomies. These “flowers” are bisexual, are slightly smaller than 
those of Williamsonia, and lack the basal bracts. When the “flower” 
opened, the outermost parts consisted of the whorl of 12 to 16 fleshy 
stamens that bore two rows of pollen sacs on the upper surface, one row 
on either side of a median ridge. The ovulate receptacle extended 
upward into a sterile summit against which the tips of the infolded 
stamens pressed before the “flower” opened The seeds were sessile 
and attached directly to the sides of the receptacle between numerous 
interseminal scales. The “flowers” were produced on smooth slender 
stalks about 3.5 cm. in length. 

The foliage associated mth Williamsoniella is known a{? NihsmiiojH 
teris. The leaves are linear with a continuous lamina bordering a strong 
midrib* 

WieUmdiellaj from the Rhaetic of Sweden, resembles W illiamsonieUa 
somewhat in its dichotomous mode of branching, but its foliage is dif- 
ferent and the axillary fructifications are sessile instead of pedunculate; 
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The foliage is of the Anomozamitc^ typos, which resembles Nilssoniopteris 
except for the tendency of the lamina to become divided into small 
unequal segments. The leaves were borne in dense clusters at the forks 
of the branches, often surrounding the inflorescences. The ^'flowers 
were sessile and quite similar to those of Williamsonia although they 
are believed to have been bisexual. 

The Cycadeotdaceae 

The principal genus of the C3’^cadeoidaceae is Cycadeoidea although 
many authors continue to use the name Bermettites for certain of the 



Fhj. 121. Cycadeoidea dacotensis. Lateral view of unbraiiched trunk showing several 

“flower” buds. {After Wieland.) natural size. 


European species. However, since these European species show no 
characteristics which distinguish them generically from those included in 
Cycadeoidea^ the latter name is used in this book for all. Other names 
have been proposed at times for certain specimens. The silicified 
trunks from Freezeout Mountain were named Cycadella, and a large one 
from Germany, now the type of Cycadeoidea Reichenbachiana^ was 
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originally called Raumeria. These names now have historical signifi- 
cance only, as Cycadeoidea has unquestioned priority in both instances. 
Navajoia and Monanthesia have been proposed for cycadeoid trunks 
showing certain distinctive characters in the production of the inflores- 
cences. These, however, have not been satisfactorily set forth as 
taxonomic groups, so for the time being they should best be regarded as 
no more than subgenera of Cycadeoidea, 



Fig. 122. — Cycadeoidea Marshiana. Lateral view of branched speoi men. (After Wieland.) 

natural size. 


The members of this family have ovoid or short-columnar trunks 
thickly invested by a covering of long persistent leaf bases and multi- 
cellular hairs. The ^‘flowers are lateral on the trunks, and are partially 
sunken within the leaf base layer (Figs. 122, 123, 125, 126, and 127). 
In contrast to the Williamsoniaceae, the majority of which are preserved 
as compressions, most of the known Cycadeoidaceae are silicified, and 
as a result, the morphology of both the vegetative and the reproductive 
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structures have been worked out to a degree of fullness rare among 
fossil plants. 

Full descriptions of the anatomy of the ( ^ycadeoidaceae have been 
given elsewhere (Wieland, “American Fossil Cycads;” Scott, “Sludies in 
Fossil Botany,” Vol. 2) so only a general summary will be given here. 
Anatomiealij' the various specaes are much alike and differ mainly in 
detail. The trunks are subspherical, oval, or columnar, and vary from a 
few inches to 2 feet in diameter (Pig. 121). Most of them are under 3 



Fig. 123 . — Cycadeoidea inyens. Cross «ectioii of td unk. {After Wieland.) ^"5 natural size. 

feet in height, although some of the columnar forms might have grown 
to a height of 10 to 12 feet. The short stout trunk stands in marked 
contrast to the slender often forked axis of the Williamsonians. Some 
specimens were branched into three or four short trunks all attached in 
a close cluster to the same basal stalk (Fig. 122). 

A cross section of a cycadeoid trunk (Fig. 123) shows in the center 
a large pith surrounded by a thin zone of wood, which is interrupted 
by large raylike extensions of pith tissue. At the innermost edge of the 
wood is the endarch protoxylera. Vertically, the wood strands form a 
network, with a leaf trace arising at the lower angle of each large ray. 
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Fig. 126 . — Cycadeoidea sp. Surface of trunk showing “flower” buds and leaf bases. 
Lower Cretaceous. Texas. Slightly reduced. 
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The secondary xylem consists of scalariform tracheids and small rays, 
which are uniseriate or biseriate in part. The rays extend across the 
cambium line into the phloem and thus divide this tissue into alternating 
masses of parenchyma and vertical conducting tissue. The cortex is 
parenchymatous and contains gum canals and leaf traces. The trace is 
single at the point of origin, but in the cortex it divides into several 
mesarch strands, which become arranged in a horseshoe-shaped curve 
with the opening at the top. The trace supply in each petiole is derived 
from a single strand arising from the xylem of the stem. The course of 



!•, . ; 

Fig, 126 . — Cycadeoid'’^ * tiial section through leaf base mantle showing 

numerous leaf ba*«^s ^ ‘flower.” Lower Cretaceous. Black Hills. % 

natural size. 


the trace is a direct upward slope, there o curvature around half 

of the circumference of the stem as in Recent cycads.>». 

Forming a heavy layer on the outside of the trunk is a thick mantle 
of persistent leaf bases, and packed tightly between them is a ramentum 
of flattened scalelike hairs. Cut transversely, these hairs appear one 
cell thick at the margin, but increase to several cells in the central 
portion (Fig. 124). 

Mature leaves have not been found attached to the silicified trunks, 
but in a number of specimens the young fronds have been observed 
folded in the terminal bud. In form, venation, and structure these 
leaves closely resemble those of the recent genera Macrozamiaj Enceph- 
(dartoSf and Bowenia. Their size when mature is unknown, but the 
frond of Cycadeoidea ingens is estimated to have been 10 feet long. 
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The fructifications of all members of the Cycadeoidaceae were borne 
on short axillary shoots. In the subgenus Monanthesia there is a fertile 
shoot in each leaf-base axil. This subgenus contains at least three 
species, Cycadeoidca blanca^ C. magnifica^ and C. aequalis, all from the 
Mesa Verde formation of New Mexico. In most species of Cycadeoidea 
only part of the leaves subtend fertile shoots, although in some of the 
large trunks more than one hundred “flowers’^ have been counted on a 
single specimen. In at least six species all the fructifications on each 
plant are at the same stage of maturity. These species are assumed to be 
monocarpic, that is, they fruited once during a lifetime, and then died. 
The name Navajoia has been proposed by Wieland for these monocarpic 
species. 



Fig. 127. -Cycadeoidea sp. (C. ingens type). Median section of “flower” showing the 
central o villiferous cone surrounded by the stamen whorl. Position of the individual 
stamens is .shown by the small circular scars. {After Wieland.) Slightly reduced. 

The fertile shoot is a stout branchlet that extends laterally from the 
main trunk into the armor of leaf bases. Thes*^ ^ts bear a large 
number (sometimes as many as 100) of spirally arranged, pinnate bracts, 
w'hich closed over the fn \m before maturity. Similar structures 

exist in WilUamsonia, except that in that genus the bracts are simple 
pointed structures without the oi’nate construction present in Cycadeoidea, 
Upon maturity of the “ flower, the bracts spread and formed a broad 
saucer-shaped perianth” surrounding the androecium and gynoecium 
in the center (Fig. 127). 

The apex of the fertile shoot is expanded into the ovuliferous recep- 
tacle. In Cycadeoidea {Bennettites) Gihsonianus, from the Isle of Wight, 
this receptacle is a convex cushion bearing a cluster of stalked ovules 
and interseminal scales (C. Wielavdij Fig. 128) . In most of the American 
forms, such as C. dacotensis and C. ingensy this cushion is more elongated 
or broadly cone-shaped, and the seeds have shorter stalks and are borne 
at right angles to the surface (Fig. 129B). Also, in the latter species, 
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the summit and base of the receptacle is sterile, with seeds borne only 
along the mid-portion. Tlic orthotropous ovules have long microp3dar 
beaks that project oiitwai’d beyond the surface of the '‘fruit for some 
distance. The seeds are small oval bodies only a few millimeters long, 
which contain embryos with two cotjdedons. 

The interseminal scales are about as mimeroiis as the ovules. The 
tips of the scales are enlarged into clubs that fit into the spaces between 



Fig. 128 . — Cycadeoidea Widandi (?). Longitudinal section through ovulate receptacle. 
{After Wieland.) X about 4. 


the seeds. These tips become fused between the ovules in such a manner 
as to form a continuous surface layer with openings through which the 
micropylar beaks project. The ovuliferous receptacle with its stalked 
ovules and interseminal scales matured into an oval or elongate “ fruit 
an inch or two long. The fused tips of the interseminal scales con- 
stituted a sort of '' pericarp*’ that protected the seeds until ripe (Fig. 
1304). 
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r, . 

IiG. 129 , — Cycadeoidea Dartoni. (-4) Tangential section through the leaf base mantle 
showing several unexpanded “flowers.” (After Wieland.) Natural size. (B) Transverse 
section through an unexpanded “ flower ” showing details of the seed cone. (After Wieland.) 
X about 4. 
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The androecium or staminate disc surrounds the fertile shoot just 
below the ovuliferous receptacle.* The stamens range in number from 8 
to 18 or more, depending upon the species, and are joined basally into 
a sheath. The individual stamens are 10 to 12 cm. long when expanded 
and are pinnate organs bearing 10 or more pairs of pinnae (Fig. 130B). 
The pinnae at the extreme base and tip are sterile, and the stamen itself 
terminates in a sterile point. The lateral pinnae bear two rows of syn- 
angia in a sublatcral position. The synangia are shortly stalked, are 
broader than long, and contain 20 or 30 loculi in two rows. The syn- 
angium wall is made up of palisadelike cells, and dehisc^ence was by a 
longitudinal apical slit that caused the organ to open into two valves. 



Fig. 130. — Cycadeoidea dacofensis. 
interserninal strales. {After Wieland.) 
sporangia. {After Wieland.) Enlarged. 



(fi) 

{A) Longitudinal section of seed flanked by two 
Enlarged. {B) Portion of stamen bearing niicro- 


A slit also developed in the wall of each locule. As far as we know, the 
‘‘flowers” of all species of Cycadeoidea are bisexual. 


Foliage of the cycadeoidales 

The most abundant remains of the Mesozoic cycadophytes are com- 
pressions of the foliage. Cycadophytic foliage occurs in intimate 
association with remains of ferns, conifers, scouring rushes, and other 
plants, often in great quantities. In Western Europe two localities 
famous for the abundance of cycadophytic leaf remains are in Scania in 
southern Sweden, in rocks of Rhaetic age, and in the Jurassic formations 
of the Yorkshire coast. Important discoveries have also been made in 
the Liasso-Rhaetic of eastern Greenland. On the continent of North 
America large quantities of leaves have been found in the Triassic of 
southeastern Pennsylvania and of the Richmond coal field of the Atlantic 
coastal plain, and in the Chinle formation (Upper Triassic) of Arizona. 
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Other localities are in the Liassic (Lower Jurassic) of the state of Oaxaca 
in southern Mexico, in the Jurassic near Roseburg, Oregon, and in the 
Jurassic at Cape Lisburne in northwestern Alaska. In South Africa 
cycadophytic fronds occur in the Karroo Series (Jurassic), and in India 
and Australia in various formations within the Mesozoic. 

The problem of interpretation of detached cycadophytic; foliage is 
similar in many respects to that of the fernlike leaf forms of the Pale- 
ozoic. Because of the fragmentary condition of the leaves and fructi- 
fications, it has been necrcissary to establish a number of artiticial genera 
for their reception. 

Features used in generic separation include shape c^f the leaf, whether 
or not the lamina is cut into separate pinnules, the venation pattern, 
attachment of the lamina to the rachis, serration of the lamina, the out- 
line of the epidermal cells, and the arrangement of the subsidiary cells 
around the guard cells of the stomatal apparatus. It has been found 
that epidermal and stomatal characteristics 
provide clues to relaticmships not revealed 
otherwise. 

The resemblance; between the cy(;adlike 
foliage of the Mc'sozoic and that of modern 
genera Avas noted long ago, and at first the 
fossil types were referred to those Recent 
genera which tlu;y most closely resemble. 

An outstanding example is the cycadophyte 
discovered many years ago in Yorkshire 
and named Zaviia gigas^ but which was 
ultimately found to belong to the genus 
W^lliamiionia'^^l\d not related to any modern 
member. The fancied or real resemblance between extinct and Recent 
cycadophytic types is often expressed by such names as Zamites, Dion- 
ites, and Cycadites, 

The cutinized remains of the epidermis of the fossil cycadophytes 
have been extensively investigated. Bornemann recorded observations 
on the structure of the cuticles as early as 1856, and in the years following 
similar work was done by Schenk and others. Several years ago Nathorst 
investigated the abundant and well-preserved remains in Scania and 
described a large number of types. In 1913, Thomas and Bancroft 
completed an epoch-making study of the material from Yorkshire, and 
more recently Harris has published a series of reports in which are 
described numerous cycadophytic types from Eastern Greenland. Florin 
has embraced in similar studies the entire gymnosperm complex and 
some of the pteridosperms. 



ten. Stomatal apparatus: «, sub- 
sidiary cell. {After Thomas and 
Bancroft.) 
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A classification of fossil cycadophyte leaves was proposed by Thomas 
and Bancroft. The two groups coincide to some extent with the two 
natural orders of the cycadophytes, and this classification has been 
adopted with slight modification by subsequent authors. 

The two foliage groups proposed by Thomas and J^ancroft are tht^ 
Bennettitales and the Nilssoniales. These so closel.y parallel the two 
natural cycadophyte groups that they can be appropriately discussed in 
connection with them. 

For complete descriptions of the loaf genera of the Mesozoic, cy- 
cadophytes, more extensive works such as Seward’s ''Fossil Plants,” 
Volume 3, and the recent papers by Harris and ])y Florin should be 

(‘onsulted. Nevertheless a few of th(^ 
best-known forms will be briefly dis- 
cussed here. 

The constant charac^l eristics of the 
1 bennettitales ai'o (1) the presence on 
each side of the pair of gua-i’d cells of a 
lateral subsidiaiy ceil foriiK'd from the 
same mother cell as the guard cells, and 
(2) the heavy cutinization of the outei* 
and dorsal walls of the guard cells. 
Other features that occur less constantly 
are (1) the transverse orientation of the 
stomata at right angles to the veins, (2) 
the arrangement of the epidermal cells in 
distinct rows, and (3) the wavy outline of the cell walls (Fig. 131). The 
most familiar genera are Ptilophyllum (Fig. 132), Zamites^ Otozamites 
(Fig. 133), Diciyozamites, Ptcrophyllunij AnomozamiteSj Nilssontopteris 
(Taeniopteris), and Pseudocycas. 

^ Ptilophyllum. — This variable leaf type has linear, straight or slightly 
falcate pinnae with parallel or subparallel veins. The pinnae are charac- 
terized their attachment to the upper surface of the rachis which they 
almost cover. The, pinna base is refunded or slightly arcuate with a 
broad attachment, although the upper' angle is free. One well-known 
species, Ptilophyllum pecten (Fig. 132), is attributed to Williamsonia. 

^ Zamites. — This genus does not t-esemble Zamia as the name implies 
but (depending upon how it is defined) bears a closer resemblance to 
some of the species of Encephalartos, Ceratozamia, and Macrozamia. 
However, a close relationship to any of these Recent cycads is not to be 
assumed. Zamites resembles Ptilophyllum in possessing linear or lanceo- 
late pinnae attached to the upper surface of the rachis, and with parallel 



Fig. 132 . — WitliavisoHia (Ftilo- 
phyllum) pecten. Eskearine Series. 
England. 
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or slightly divergent veins. The main difference is the constricted pinna 
base. The foliage of Williamsonia gigas is of this type. 

Ofozamitcs . — This form is separated from Plilophyllum and Zamites 
by the arcuate bases of the i)innae and by the spreading veins. In some 
forms with long slender pinnae the veins may be nearly parallel, thus 
making it difficult in some instances 


to distinguish it from Plilophyllum. 
Otozamitvs is believed to belong to 
the Williamsoniaceae. 0. powclli 
(Fig. 133) occurs in abundance at 
some places in the Shiuarump and 
('hinle formations (Up])(!r Triassic) 
of Arizona, New Mexico, and Utah. 

y' Didyozamilvr. This leaf type 
i-esombk's Olozain itcs and differs 
mainly in the anastomosing veins. 
It is characteristic of the jMiddle 
Jurassic, and probably belongs to 
the Williamsoniaceae. 

^ PUrophylbnn/- In this genus the 
pinnae are linear with almost paial- 
lel margins, and the attachment 
is lat('Tal on th(‘ rachis by the full 
width of the base. Picrophyllum 
rtisembles A'^ihsonia and distinction 
between the two is not always ])ossi-- 
ble if epidermal characters ani nut 
observed. One peculiarity is that 
the epidermal cell walls of PUro- 
phyllum are usually st raight , and not 
Avavy after the manner^ characd er- 
istic of most Ikainettitalean leaves. 
Picrophyllum is a widely distributed 
genus and probably represents the 



Fig. 133. — Of ozajnifcs Powclli. Chiiiln 
formation, Triassic. Petrified Forest Na- 
tional Monument, Arizona. 


foliage oraT number of Mesozoic cycadeoids. 

Anomozamites . — This leaf is very similar to Pterophyllum and is 
combined with it by some authors. In Anomozamites the segments of 
the lamina are usually less than twice as long as broad, whereas in Ptero- 
phyllum they are usually more than twice as long. Also, the leaf 
segments of Anomozamites are sometimes of irregular length. The best 
distinction, however, is in the epidermis. The epidermal cell walls of 
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Anomozamites are usually wavy and not straight, and the stomata are 
irregularly disposed. Anomozamites Nilssoni is thought to be the leaf 
of Wielandidla. 

Pseudocycas (Cycadites ), — The pinnae of this leaf form possess a 
single midrib but no lateral veins. Thus they bear a superficial resem- 
blance to the rece.nt Cycas. The epidermal cells and stomata, however, 
are typically Bennettitalean. 

Nilssoniopteris . — This name has been applied to leaves of the Tavniop- 
tcris group, which show Bennettitalean stomata and epidermal cells. 
(The non-I^ennettitalean segregate of Tacnioptcris is Doratophylluni. 
For leaves in which the epidermis is not preserved, the name Taenioptcris 
is retained.) The leaf is slender wifli a strong midrib, an undivided 
lamina, and forked or simple veins that pass to the margin at right 
angles to the midrib or at a slight upward slant. Nilssoniopteris viltaia 
is probably the leaf of Williamsoniella coronata. 

MORPHOLOGICAL CONSIDERATIONS 

The cyc.adeoids are often called ‘^the Flowering Plants of the Mes- 
ozoic,’' a very appropriate appellation if a (‘lose ndationship is not implied. 
Wieland believes that the group did give rise to some of the modern 
flow’ering plant types. If this assumption (tould be provcul, it would 
partly solve the old and perplexing problem of angiospc^rm origin. 

The cycadeoid inflorescence is a strikingly flowerlike structure that 
is similar in several respects to the flower producenl by the modern 
Magnolia, The spiral series of bracts beneath the stamen ring of the 
cycadeoid may be compared to the (‘alyx and corolla of Magnolia in 
which the number of parts is also large and in spiral sequence. Then the 
comparatively large number of stamens in the staminate disc finds a 
counterpart in the numerous stamens of Magnolia. Also, the ovuliferous 
receptacle of Magyiolia bears a cluster of separate fruits on a cone- 
shaped receptaclq. These floral similarities are accompanied by 
vegetative structures which are also similar. In Magnolia the vessels 
and tracheids bear scalariform pits, a feature present in all of the 
Cycadeoidaceae and to some extent at least in the Williamsoniaceae» 

These resemblances, as prominent as they are, can be considered as 
nothing more than analogies brought about during a long course of 
parallel development. Here we see in the cycadeoid line, which probably 
had its ancestry among the Paleozoic pteridosperms, a remarkable 
example of a high degree of specialization of the reproductive organs, a 
situation which was somewhat analogous to the development of the 
lepidocarp line in the lycopods. The cycadeoid ovule is strictly gym- 
nospermous, and it lacks the carpel of the Magnolia, The so-called 



C.YCADOPHYTE,^ AND GINKGOS 


267 


'^pericarp of the cycadeoid fruit consists of nothing other than the 
fused heads of the interseminal scales, which give to the mature object a 
hard outer surface. This is simply a device for the protection of the 
immature seeds, and is not homologous with the individual pericarps of 
the numerous fruits of the Magnolia ovuliferous receptacle. Further- 
more, the cycadeoid stamen is quite frondlike, probably reflecting its 
filicinean or pteridospermous origin, and it bears little resemblance of 
any kind to the stamens of a true flower. Then, too, the foliar character- 
istic's and the general habit of the plant supply additional evidence that 
the cycadeoids and the true flowering plants are not members of the 
same developmental line. The two groups furnish one of the best 
examples of parallel development known in tlie plant kingdom. 

Comparisons with Recent Cycads and Ferns. — It is impossible within 
this chapter to discuss in detail the intricate and far-reaching questions 
concerning the possible relationships of the cyc-adeoids and other plants. 
Brief mention, however, will be made of some of the more obvious points 
of re^semblance between the Mesozoic types and the recent C^cada- 
les. For further details, books devoted more exclusively to plant 
morphology should be consulted. (Chamberlain, ^^Gymnosperms: 
Structure and Evolution). 

Mention has already been made of the resemblance between the 
enfolded fronds of Cycadeoidea ingens and those of EncephalartoSy 
Macrozamiay and Bowenia. Foliage attrilnited to the entire group of 
cycadeoids, however, consists of many types which agree more or less in 
epidermal structure but differ from that of the C^ycadales. As to habit, 
almost as great a range of variation exists throughout one group as in 
the other. The C 3 "cads range from the small species of Zamia with their 
underground stems to Cycas media, which is reported to reach a height 
of 23 m. No known cycadeoid trunks ever reached this size, although 
some gradation exists between the short stout and the slender branched 
forms. 

In internal structure the trunks of the cycadeoids and those of the 
Recent cycads show few^ fundamental differences and many points of 
genuine resemblance. The greatest single difference is in the course of 
the leaf trace through the cortex. In the Recent cycads the trace bundle 
half encircles the stem before it enters the leaf, but in the cycadeoids it 
follows a direct course. None of the cycadeoid trunks have been found 
with medullary bundles, such as occasionally occur in the Recent genera, 
although layers of internal periderm occur sporadically in both groups. 
The leaf-trace armor is persistent in some genera of the Cycadales, but in 
others it is pushed off by the periderm that develops beneath. 

Were it not for the more fundamental differences depicted by the 
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fructifications and by the epidermal colls and stomata, the slight ana- 
tomical differences that may be noted between the two cycadophyte 
groups would hardly be suflficient to place them in different orders or 
even in separate families. The differences in the fructifications are too 
obvious to require amplification, and to attempt to derive the Recent 
cycad cone from the flower ” of the Mesozoic cycadeoid would be almost 
as far-fetched as trying to draw a direct homology between the flower 
of the angiosperms and the cone of the C'oniferae. The inflorescence, 
probably more than anything else, shows that the cycads and the cyca- 
deoids are separate branches of the phylogenetic tree. The closest 
resemblance is shown by the seeds, which are essentially alike in both 
groups, 

The entire cycadophyte complex shows evidence of pteridospermous 
ancestry. This is revealed by the general architectural plan of the 
foliage, the mesaj;ph leaf-trace bundles, the loosely arranged secondary 
wood with large tracheids and numerous rays, the large pith (with 
medullary bundles in the cycads), and especially the structure of the 
seed. Also, it is quite probable that swimming sperms were produced 
by both pteridosperms and cycadeoids, just as in the Recent cycad order. 

THE CYCADALES 

As explained earlier in the present chapter, there is ample evidence 
that true cycads existed contemporaneously ^^’ith the cycadeoids during 
the Mesozoic. They are not represented by the fine series of silicified 
trunks so magnificently displayed by the cycadeoids, but the remains 
are convincing nevertheless. The evidence of their existence is furnished 
by fructifications definitely cycadean and by epidermal fragments. 

Foliagp: of the Fossil C/YCadales 

The foliage of the Mesozoic Cycadales is embraced within the Nils- 
soniales of Thomas and Bancroft. 

The Nilssoniales are distinguished from the Bennettitales by a set of 
contrasting characters, which, however, they possess in common with 
many other gymnosperms. These are (1) a ring of several subsidiary 
cells that originated independently of the guard cells, and (2) no heavy 
thickenings in the cuticle of the guard cells. Less constantly occurring 
features are (1) the irregular orientation of the stomata, (2) the epi- 
dermal cells not in well-marked rows, and (3) the epideral cell walls, 
which are usually straight. Nilssonia (Fig. 134) is the only genus that 
conforms strictly to this definition but by allowing certain exceptions in 
particular instances the group embraces Ctenis^ Pseudocienis, DoraUh 
phyUnm, and Macraiaeniopteris, ^ 
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The same type of epidermal cell and stoma that characterizes the 
Bennettitales has been found in several instances on fructifications attrib- 
uted to the Cycadeoidales, and in like manner there is a distinct relation 
between the Nilssonian frond and other remains undoubtedly cycadalean. 

Nihmnia . — This genus is similar to 
Pterophyllym but the lamina is attached to 
the upper surface of the rachis, and the 
epidermal structure is of the simple type 
agreeing with the (linkgoales, 

and Coniferales. In some forms the lamina 
is entire, but in others it is cut into pinnae. 

On some specimens the leaf is dissected only 
in the upper portion with the lower part 
entire. 

Nilssonia appears to be the leaf of a 
cycadaceous plant that bore staminate cones 
of the Androstrobus type and carpellate 
(^ones known as Beania. Among living 
cycads the nearest relatives seem to be 
among the Zamioideae. 

Ctenis . — The leaves assigned to this 
genus resemble those of Recent cycads in 
that there is a strong rachis bearing broadly 
attached pinnae with parallel or nearl}^ 
parallel veins. Several veins enter the base 
of the pinna from the rachis, and a charac- 
teristic feature is the occurrence of occasional 
cross connections between them. In some 
species the walls of the epidermal cells are 
wavy. 

Pseudoctenis , — This leaf form resembles 
Ctenis but differs in the absence of vein 
connections. It agrees macroscopically with 
Pterophyllum. The stomata are of the 
Nilssonian type although in Pseudoctenis spectabilis they are often 
transversely oriented. / 

Doratophyllum . — This genus has been segregated from Taeniopteris on 
account of the cycadean type of stomata present. The leaf is oblong- 
lanceolate, and the lahiina arises from the sides of the midrib, distinguish- 
ing it from Nilssonia. The veins fork occasionally but never anastomose. 
Doratophyllum is known only from Sweden and Eastern Greenland in beds 
of Liasso-Rhaetic age. 



Fui. 134. — Nilssonia compfa. 
Jurassic. Cayton Bay. York- 
shire. 
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Macroiaeniopteris , — Aside from the fact that this genus possesses 
non«Bennettitalean epidermal cells and stomata, its main characteristic 
is its size. The leaf is long-obovate with an entire margin. Some leaves 
are as much as 33 cm. broad, but complete leaves are seldom if ever 
found. Restorations of Macrofcumiopteris maqnifolia from the Triassic 
of Pennsylvania show a group of simple leavers arising from the ground, 
presumably attached to a rhizome. Some attain a height of approxi- 
mately 1 m. It is more probable, however, that the leaves were borne on 
upright trunks. 


Frit ctific ation s 

There are several Mesozoic cone types that have been attributed to 
the Cycadales but on evidence not always satisfactory or conclusive. 



Fzo. 135 . — Beania graeUia, Restoration of ovulate inflorescence. The lower mega- 
sporophylls have shed their seeds. {After Harris.) Slightly reduced. 

Some of them have probably been confused with cones of the araucarian 
conilers. 
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Androstrobus, — This cone genus had long been suspected as being the 
staminate fructification of some unidentified Mesozoic cycad, but satis- 
factory proof was lacking until some additional specimens were recently 
discovered in the Jurassic rocks of Yorkshire. The Yorkshire material 
contains two species, Androstrobus manis and A. wonnacotti, 

Androstrobus manis is a cone about 5 cm. long and 2 cm. in diameter. 
The spirally arranged microsporophylls consist of a horizontal portion 
which widens rapidly from the point of attachment, and a distal part 
which forms a broad rhomboidal scale. The fairly large, finger-shaped 
microsporangia, measuring about 1.2 by 0.7 mm., are attached to the 
lower surface, and appear to be arranged in clusters with the dehiscence 
apertures facing each other. The 
pollen grains are oval, averaging 
about 36 by 26 microns in length and 
breadth, respectively. 

Androstrobus wonnacotti is similar 
to A. maniSy the essential differences 
being its smaller size, and the square 
rather than rhomboidal terminal bract 
of the microsporophyll. 

Aside from the general structural 
plan, two important resemblances 
between Ayidrostrohus and the stami- 
nate cones of recent cycads are the 
thick walls of the microsporangia and 
the presence of a cuticle lining the 
inner cavity. These features are absent from the conifers with which 
Androstrobus might be confused. Furthermore, the stomata on the 
microsporophylls are characteristically cycadean. 

Beania, — This genus has long been in use for cones organized similarly 
to the seed-bearing cones of Zamia. The structure of Beania is clearly 
revealed in some recently discovered specimens of B. gracilis (Figs. 135 
and 136) from the Jurassic of Yorkshire. The cone is a loose spike that 
sometimes attained a length of 10 cm. The seed stalks are spirally 
arranged at right angles to the axis. The»apex is peltate, and on the sur- 
face facing the axis are two sessile seeds, one on each side of the stalk. 
The seeds are oval, and the largest ones measure about 13 by 16 mm. 
The micropyle is directed away from the base. The seed is constructed 
similarly to those of Recent cycads. The nucellus is surrounded by a twcH 
layered integument, the inner one being sclerotic and the outer fleshy. A 
feature not in common with Recent cycads is the presence of a few resin 
lumps in the fleshy layer of the integument. As nearly as the innermost 



Fig. 136. — Beania gracilis. Longi- 
tudinal section of megasporophyll and 
ovule. {After Harris.) X about 2. 
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tissues of the seed can be interpreted, they are identical with those in 
Recent forms. 

Epidermal structures indicate specific identity between the staminate 
Androstrohus inanis and the o\ailate Beania gracilis. It is also believed 
that Androstrohus and Beania are the cones of a plant that bore Nilssonia 
leaves. The reasons for this view are (1) that the cones are found in 



U) 

Fig. 137. (A) Bjuvia simplex. Restoration. X Ho- iP) Palaeocycae integer^ the 
megasporophyll of B. simplex. X He- Rhaetic of Sweden. {After Florin.) 

intimate association with the leaves, and (2) that the structure of the 
epidermis and stomata on the cone scales corresponds to that of the leaves. 
Andrastrohus manis is associated with Nilssonia comptaj and Androstrohus 
wormacotti with Nilssonia orientalis. 

The relation of Androstrohus and Beania to any particular genus of 
living cycads is not as evident as the mere fact that they are both defi- 
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nitely cycadaceous. Arulrostrobus agrees in all essential features with 
the staminate cones of any of the living cycad genera. As for Beania, the 
peltate carpel suggests affinity with the Zamia group of recent cycads, 
although the loose structure of the cone is different from any modern 
genus. 

Nothing is known of the trunks on which the above-described organs 
were borne. 

CycadospadiXj from the late Triassic, is a small organ only a few centi- 
meters long, which bears resemblance to the megasporophyll of Cycas. 
Although it has always been regarded as a seed-bearing organ of some 
kind, no attached seeds have been observed. It is a flattened object with 
a broadly lanceolate or triangular deeply cut limt) that terminates a 
rather stout pedicel. The structure of the epidermis more closely 
resembles that of a cycadeoid rather than that of a true cycad, and 
instead of being a megasporophyll it may be one of the bracts which 
clothed the stalk of a cycadeoid inflorescence. 

Another fossil that is shown by the structure of the epidermis to be 
definitely cycadaceous is Paleocycas from the Rhaetic of Sweden. It 
resembles Cycadospadix except that the broadened terminal expansion 
has an entire margin, and the slender attachment stalk shows short 
lateral projections which apparently bore seeds (Fig. 1375). Florin has 
attempted a reconstruction of the plant that boro the Paleocyca.s fructifi- 
cation. His figure shows a straight, unbranched, columnar trunk, 9 or 
10 feet high, bearing at the top a crown of Taeniopteris leaves. The 
megasporophylls (Paleocycds) are spirally arranged in a dense cluster at 
the apex of the stem. Whether the staminate organs were produced on 
the same plant with the seeds is unknown. The name Bjuvia simplex has 
been given to the reconstructed plant (Fig. 137A). 

THE GINKGOALES 

One of the most important achieveinents of paleobotanical research 
has been the gradual revelation of the geologic history of the Ginkgoales, 
of which the Maidenhair tree, Ginkgo biloba^ is the sole surviving member. 
The situation has been well stated by Seward: '^Evidence furnished by 
fossils enables us to state with confidence that the Ginkgo group of trees — 
the Ginkgoales — was once almost world-wide in its distribution and com- 
prised many genera and species: a few million years ago this section fell 
from its high estate and is now represented by a single species.’^ 

The Ginkgo tree is an object of interest to scientist and layman. 
Its dichotomously veined, fan-shaped leaves are unique among the trees 
of temperate climates. This feature, along with the production of motile 
sperms (a feature shared by the cycads), and the terminally borne seeds, 
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constitute a set of primitive characteristics that have earned for the tree 
the appellation of ^4iving fossil.'^ Anatomically Ginkgo resembles Recent 
conifers, its peculiarities being the double leaf-trace and the lysigenous 
resin ducts within the leaf tissue. 

It is often believed that Ginkgo biloha no longer exists in its natural 
state, and that it has been saved from extinction only by having been 
cultivated for centuries in the monastery gardens of certain Asiatic 
religious orders. However, within recent years exploring parties have 
brought information of it growing apparently wild in remote parts of 
China, Whether it is genuinely native in these places, or whether it 
has merely survived from the abandoned culture of long ages ago is 
quite unknown, but the fact seems well established that the genus has 
survived in Eastern Asia longer than anywhere else 

The Ginkgoales are ancient plants which reached their developmental 
climax during the middle of the Mesozoic era. They probably developed 
from pteridospermous ancestors during the latter part of the Paleozoic^ in 
close proximity to the Cordaitales and cycadophytes. Points in common 
with the pteridosperms are revealed by the structure of the seeds, 
the swimming sperms, and the double leaf trace. The ovulate fructi- 
fication of Ginkgo is a rather indefinitely organized structure, and abnor- 
mally developed specimens sometimes bear ovules on partly developed 
leaves that are strongly reminiscent of the leaf-borne seeds of certain 
pteridosperms. ‘ 

Our knowledge of extinct Ginkgoales is founded almost exclusively 
upon leaf remains (Fig. 138). Fructifications, except for isolated seeds 
sometimes found with the leaves, are rare and not well preserved. Leaf 
characters that are used in classification include outline of the blade, 
extent and depth of the lobing, presence or absence of a distinct petiole, 
manner of forking of the veins (whether strictly dichotomous or partly 
sympodial), the shape of the epidermal cells, and the arrangement of the 
stomata. The megascopic characters are extremely variable, especially 
those pertaining to lobing,^ and accurate specific or even generic deter- 
minations are often difiScult where tissues are not preserved. 

"^The ginkgoalean leaf is a wedge-shaped or broadly obcuneate organ 
Avith an expanded apex and a pointed base. In the broadly expanded 
forms the inferior margins tend to be concave, but they may be straight 
or slightly convex in the slender types. In some genera (including 
Ginkgo) the abruptly tapering wedge-shaped base is prolonged into a 
distinct petiole. In others a petiole is lacking. Many of the leaves of 
some genera have entire apical margins^ but in others a terminal notch 
divides the leaf into lobes of approximately equal size. The depth of 
this apical notch varies even on a single branch. The lateral lobes may 
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be variously cut, following either a strictly dichotomous or more irregular 
plan. In the latter case, one of the lobes is usually larger, and it is 
separated from the adjacent ones by a deeper notch. The central notch, 
however, is always deepest in normal leaves.' Some genera (Baiera) are 
characterized by very deep incisions that divide the lamina into narrow 
slender segments. The variability, however, in the depth of the notches 
renders generic separation on these grounds rather uncertain unless mort 
(constant characters such as are often expressed in epidermal structure 
are recognizable. 

^The venation of the ginkgoalean leaf is strictly dichotomous in some 
forms but approaches a sympodium in others. Simple dichotomy pre- 
vails in these genera with slender leaves, but in the broad leaves con- 
siderable variation may often be observed. In all of them, two veins 
placed side by side enter the leaf at the base. At the initial broadening 
of the blade each vein forks. The two inner branches continue (although 
usually with additional dichotomies) with slight divergence to the region 
of the leaf apex. The two lateral branches may subdivide by dichotomy, 
or, as is often the case, they may follow the lower margin and give off 
branches to the inside. Further subdivisions are always dichotomous. 
The branching of the veins usually corresponds to the extent of lobing. 
Broad lobes may contain more veins than narrow ones, and in deeply 
cut leaves the dichotomies may occur nearer the base. In all cases the 
tips of the veins are free at the leaf margin. There are no cross connec- 
tions in the Ginkgoales. 

Between the veins the epidermal cells are polygonal in outline, but 
over the veins the cells are more rectangular or spindle-shaped. This 
characteristic is believed adequate to distinguish the Ginkgoales from 
other gymnosperms. The epidermal cell walls are slightly wavy, but 
not as much so as in the cycadeoids. The stomata are usually without 
definite orientation, although they are frecpiently in ill-defined rows. 
From four to seven subsidiary cells form a circle around each slightly 
sunken stoma. 

The Ginkgoales extend as far into the geologic past as the late Per- 
mian, although certain Devonian and Lower Carboniferous members of 
the form genus Psygmophyllum have on insufficient evidence been placed 
within the Ginkgoales. Another fossil which has been responsible for 
exaggerated ideas concerning the antiquity of the Ginkgo line is Gink- 
gophyllum hibemicum, from the Upper Devonian of Ireland. It has 
large fan-shaped leaves with a deeply cut lamina. It is not essentially 
different, however, from certain Devonian fernlike fossils, for example, 
Archaeopteris obtusuy which also bears a superficial resemblance to Ginkgo. 
The Carboniferous WhittleBeya^ a campanulate organ probably belonging 
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to the ly^dullosaceae, was originally classified with the Ginkgoales, and 
although it has been retained there by some authors of modern textbooks 
on plant morphology /^it has been known for some time not to belong to 
this group. Ginkgo biloba is one of the oldest of living plants, and may 
indeed be the oldest living genus of seed plants. 

Ginkgo Ginkgoites. — Many authors consistently use Ginkgoites for 

all fossil leaves resembling Ginkgo even though they may be indistin- 
guishable from the leaves of the living species. Florin has proposed that 
Ginkgoites be applied to GinkgoAIk^ leaves which may be distinguished 
from Ginkgo by anatomical characteristics, or where the structure is not 
preserved. This is objectionable in that it makes Ginkgoites both a 
natural genus and a form genus. 

Ginkgo (or Ginkgoites) leaves occur in rocks ranging in age from late 
Triassic or earliest Jurassic to the present. Distribution of the genus 
has been almost world-wide. G. digitata (Fig. 138/4), is a widely dis- 
tributed Jurassic species with leaves similar in size and shape to those of 
G. biloba. The leaf has a long petiole, and the semiorbicular or obcuneate 
blade may be either cmtire or deeply dissected. The deeply cut leaves 
seem to be quite prevalent, although the extent of variation is probably 
as great as in the living species. In North America G, digitata has been 
found in Douglas County, Oregon, and at Cape Lisburne, Alaska. 
Elsewhere it has been recorded in Australia, Japan, Turkestan, York- 
shire, and Franz Joseph Lnnd. 

Ginkgo adiantoides is either identical with the living species, or 
represents a series of Tertiary forms so like G. biloba' as to be indistin- 
guishable from it on the evidence available. "^Its leaves are often fairly 
large, and the lobing, while quite variable, is often somewhat suppressed. 
In North America it has been found in the Eocene of Alaska, Alberta, 
Montana, South Dakota, and Wyoming. It occurs in the Oligocene of 
British Columbia and in the Miocene (though seldom in abundance) in 
central Oregon and in eastern Washington. It persisted in Western 
Europe as late as the Pliocene. Since then, however, the genus seems 
to have been restricted more or less to its present limited habitat in 
Eastern Asia. 

Baiera. — This genus ranges from the Rhaetic to the Lower Cretaceous. 
It possesses deeply cut leaves in which the central incision extends 
almost to the base (Fig. 139/1). Less deep incisions divide the two lateral 
lobes into slender linear segments each of which contain but two to four 
parallel veins. The leaf is petiolate, similar to that of Ginkgo^ but in 
some of the slender forms the narrowing of the lamina continues so near 
the point of attachment that a petiole seems almost nonexistent. 

Other genera, — There are several other Mesozoic ginkgoalean genera 
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that possess long, slender, ribbonlike, sessile leaves produced in clusters 
upon scaly dwarf shoots. One of these is Sphenobaiera, which is the 
oldest of the Ginkgoales, being known from the late Permian. Other 
similar ones are Czekanowskiaj Hartzia, Windwardia (Fig. 139fi) TorelUoy 
and Phoenicopsis. In the last three the leaves are undivided at the apex, 
and are distinguished from each other mostly upon epidermal and 



Crookallii. Lower Cretaceous. Franz Joseph Land. {After FJorin.) 2^ natural size. 

stomatal characters, Torellia is the only sessile genus to outlive the 
Mesozoic. It became extinct, however, in the early Tertiary. ^ 

I 
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CHAPTER XI 


THE CORDAITALES 


The Cordaitales is a group of Paleozoic arborescent gymnosperms, 
which, together with the seed-ferns, constituted the bulk of the seed 
plants of the Carboniferous coal forests. The name is here used in the 
ordinal sense although some authors give it class designation. It is 
based upon the old genus Cordaites, whi(*h was proposed many years ago 
certain types of leaves and stems which are almost univer- 
sally present in Carboniferous plant-bearing rocks. Since the genus was 
first described, other plant parts bearing different names have been 
brought together within the order, andl^Scott and Seward, the most out- 
standing of modern English paleobotanical writers, have organized them 
into three families, the Pityeae, the Cordaiteae, and the Poroxyleae. 
The original genus, Cordaites^ together with all vegetative and repro- 
ductive parts described under different names but believed to be related 
to it, constitute the family Cordaiteae. The Pityeae embraces a grpup 
of genera founded entirely upon vegetative parts, mostly stems and 
trunks; and the Poroxyleae consists of one genus, Poroxylon, \vhich shows 
certain ^^stinctiye features in Hhe structure of the steh a^ Thus con- 
iitituted th e, . QQrdaitalcs is an artificial order baaed principally^ o n^na- 
S^^ical features pf^veaetative oartsi The acquisition of information m" 
tlwij^eproductive structures of those genera for which none are at present 
kudlfii might necessitate considerable reorganization within the group. 

Although the Corcjaitales and the pteridosperms were nearly con- 
temporaneous throughout the later part of the Paleozoic era^ they 
^differed markedly in habit and external appearanc^ Also the Corda- 
itales show much less evidence of connection with the ferns. Their 
origin is obscure, and the oldest known members reveal such an advanced 
stiate of development that it is* certain that they wer^ preceded by a Jong 
evolutionary stage which i s entirely unknown . 

Gymnospermous characters in wood from the early Carboniferous and 
Devonian rocks were discovered long ago. In 1831, the English paleo- 
botanists, Lindley and Hutton, described silicified tree trunks from the 
Lower Carboniferous of, Scotland as Pinites Witfbami, The largest of 
these, from the Craigleith quarry near Edinburgh, was 5 feet in diameter 
and 47 feet long. Its tissue structure was well preserved and since 
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then detailed studies have been made of its anatomy. Another of the 
early writers on fossil woods was Henry Witham, whose ^'Observations 
on the Internal Structure of Fossil \'egetables'’ (published in 1833) was 
a classic on the anatomy of Paleozoic woods in the years that followed. 
Witham figured a variety of structurally preserved woods from Scotland 
and the north of J^]n gland, some from the Lower C^arboniferous rocks but 
others from higher series, lie redescribed Piniies Withami of Lindley 
and Hutton, and for certain other trunks from two localities on the Tweed 
in Berwickshire proposed the generic name PituSy a name later changed 
to Pitys. Pityn now embraccis several species including Pinites Withami^ 
which was subsequently transferred to it. 

Another wood fragment, the first to bo recognized in rocks of pre- 
Carboniferous age, was found by the Scottish quarryman and amatew 
geologist, Hugh Miller, in the Old Bed Sandstone near Cromarty, 
Scotland. This fragment, along with others subsequently gathered from 
the same locality, has been fully described under the name of Palcbeopitys 
Milleri. Jt bears less resemblance to the wood of a modern conifer than 
Miller believed although it may belong to some early gymnospermous 
plant. 

^^^Thk Pitykae 

This family is made up of genera founded mainly upon anatomical 
characteristics of the trunks. All a, .ks 

separate strands of mesarch primary xylem^of which some are in contact 
with the secondary xylera wliil e othe rs (even within the same stem) are 
embedded at variable distances within the .pitlu The £ith. is mainly 
parenchym^qus, but it ma ^ co ntain ^s cattered tracheids, groups of 
trachelds, or even complete mesarch strands, When a leaf trace departs, 
one of the circummedullary strands branches, and one branch bends 
outward to form the trace. The reparatory strand continues upward 
apparently without the formation of a definite leaf gap. Th e secondary 
wood is compact and ^consists of trachei ds and rays^. The folid^j^ is 
known for only one species {Pity s Dam) and we are completely ignorant 
of the fructifications of any of the^inSrSBers. If more were known of the 
foliar and reproductive organs of the Pityeae, it is likely that they would 
show a sufficient number of differences to set the group apart as an order 
distinct from the Cordaitales, but from the anatomical characters, we 
conclude that they are probably closer to the Cordaiteae^ although 
relationship with the C'alamopityaceae is strongly indicated in some of 
the forms. The retention of the Pityeae within the Cordaitales is there- 
fore provisional pending more information on their fructifications find 
foliage. 
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The Pityeae are known ^on ly in the D evon i an and the L ower Car- 
boniferou s and are iitereforB-^he oldest of th e thr ee- fam ilies of thei^Qr- 
jdaitales. They are classified under the Cordaitales solely on the basis 
of the structure of the wood. By virtue of the structural resemblance 
between the woods within the group seed production in the Pityeae is 
inferred but not proved, and there exists the possibility that some or all 
" of its members might have reproduced by the more primitive cryptogamic 
methods The only support that can be brought forth in favor of this 
IS that no seeds or fructiheations positively attributable to seed plants 


d 

Fig 140 — Callixylon Zaleaskyi Transverbe section of the woody cylinder showing the 
large pith and several outgoing leaf traces Genundewa limestone, Upper Devonian 
Ontario Count>, New York X 3. 



have been found in rocks older than Lower Carboniferous. Seedlike 
fructifications have upon a few occasions been reported from the Devo- 
nian, but subsequent investigations have always shown them to be either 
spore-bearing organs or remains of an indeterminate nature. This of 
course amounts only to negative evidence and is not proof that seed 
plants were nonexistent during the Devonian. The anatomical evidence 


it th e Pitveae are seed plants seems stronger than the negative evidenc e 
it they are not, ^ and in this book they are considered to be such. 
The most abundant and widely distributed genus of the Pityeae is 


Callixylon, which occurs throughout the entire vertical extent of the 
Upper Devonian in the eastern part of North America and to a more 
extent elsewhere. In North America, it pccurs in greatest 
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quantity in the New Albany shales of Indiana and in black shales of 
similar age in Ohio, Kentucky, Michigan, and Ontario. It is also found 
in the Woodford chert of Oklahoma and the Arkansas novaculite. In 
New York CalUxylon is present in the more seaward phases of the great 
C^atskill Delta deposits, ranging from the Genesee shale to the top of the 
Upper Devonian. It is especially abundant in the Genundewa limestone 
in the central and western part of the state. The genus was first reported 
from the Upper Devonian of the Donetz Basin in South Russia. 

'CalUxylon was a large tree. Trunks 5 feet in diameter have been 
reported from Oklahoma, and numerous specimens 2 or 3 feet in diameter 
have been found in the New Albany shale. The trunk was tall and 
straight and bore a crown of slender branches at the top. The habit 
might have been somewhat like that of a modern Araucaria (see Chap. 
XII). 

The wood of CalUxylon is often found in an amazing state of pre- 
servation and it has been possible to study its structure in detail. , The 
pith of a large trunk is often a centimeter or more in diameter, and is 
sometimes partly septate due to stretching of the tissues during growth. 
This is a feature shared by Cordaiten, The innermost wood is a ring of 
separate mesarch primary xylem strands, which are mostly in contact 
with the secondary wood, although a few are slightly embedded within 
the pith (Fig, 14 L4). The principal rays of the secondary wood widen 
slightly as they approach the pith thereby dividing the inner part of theJ 
wood into wfidgo-wh 51 p^H gt. the points of which the primary! 

xylem strands are located. \ The leaf traces were formed by division of 
one of these strands. The trace strand bends outward and passes 
directly into the secondary wood, and the reparatory. strand continues 
without interruption up the stem. The secondary wood grew to consider- 
able thickness and developed weakly defined growth rings . The rays in 
most species are narrow and of variable height altho,ugh in some, as C. 
Newberryiy for example, some of the rays may be sufficiently broadened 
as to appear oval in cross section. The tracheids are thick walled an dj 
compactly arr a nged without intervening wood parenchyma^ The radial 
walls are heavily pitted and the tangential walls are sparingly so. The 
pits on the ra dial walls are alternately an d multiseriatelv arranged , but 
the Sfstnbution" cS the walls is not uniform. The pits are segregated 
into groups with unpitted spaces between them, and these pit groups in 
adjacent tracheids are in a regular radial alignment, thus producing a 
very e |^a^^ctftr^stin a ppearance in radial section (Fig. 141 JS). This) 
feature of the pitting is sufficiently distinctive to identify the gen us 
even in fragmentary ^or poorly preserved material In no other wood, 
living or fossil, is this particular kind of arrangement known to exist. 
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Fig. 141 . — Cdllixylon Newberryi, (A) Transverse section showing part of the pith, a 
mesarch primary wood strand sliifhtly immersed in the pith, and the inner part of the 
secondary wood whi^h is divided into narrow segments by rays which broaden as they 
approach the pith. New Albany shale. Upper Devonian. Indiana. X about 36. 

(B) Radial section through the secondary wood showing the regular alignment of the 
pit groups on the radial walls of the tracheids. New Albany shale, Upper Devonian. 
Indiana. X about 176, — - ' 
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The number of pits per cluster varies (H)nsi(ierably between species and 
even within the same specimen although the normal variation is from 6 
to 12. The pits are mostly hexagonal in outline, and the aperture is a 
diagonal slit. 

Several species of CalUxylon, mostly from North America, have 
been described on the basis of the structural differences in the secondary 
wood. The most thoroughly studied species is Callixylon Newberryi 
which occurs abundantly in the New Albany shale of southern Indiana 
and Ohio. It is distinguished from the other species of the genus prim 
cipally by its broader rays which are sometimes as much as four cells 
wide. In most species the rays are uniseriate or only partly biseriate. 
C. Zalesi<kyi -(Fig. 140) occurs rather abundantly in the lower part of the 
Upper Devonian in central and western New York, mainly in the Genun- 
dewa limestone, and mostly as small twigs only a few centimeters in 
diametei*. Its rays are narrower than those of C. Newhcxryi^ i)ut both 
^species contain scattered ray tracheids. C. erianum, similar in age to 
C. Zalesskyiy is distinguished by the regularly arranged tracheids in the 
rather high uniseriate and partially biseriate rays. C. ivkitranuniy from 
the Woodford chert of Oklahoma, closely reassembles C. Zalesskyij but 
ray tracheids appear to l)e lacking. C. whifeafium is much like C. 
Trifilievi, the Russian species upon which the genus was founded. The 
rays of the latter, however, are noticeably smaller than in most of the 
American species. 

Callixylon is not known in rocks proved younger than Upper Devo- 
nian, and the genus may therefore be regarded as a fairly reliable indicator 
of Upper Devonian age of rocks that contain it. It appears., to have 
been the dominant forest tree of that period and existed contemporane- 
ously with the fern A rchaeopteru, 

A Lower Carboniferous tree closely related to Callixylon is Pitys, in 
which there is also a large pith and mesarch primary wood. The primary 
wood strands are more numerous than in Callixylon and some of^them 
are submerged for a slight distance in the pith. In some species, such 
as P. Dayij the strands are scattered throughout this tissue. The second- 
ary wood has broad oval rays, and the pitting is continuous and not 
grouped as in Callixylon. Otherwise the wood of the tWo genera is 
similar. The presence of rather weakly developed growth rings in the 
secondary wood of some species of Piiys suggests that the trees grew on 
dry land rather than in swamps. 

The discovery of the foliage of Pitys Dayi has added something to 
our knowledge of the affinities of the Pityeae. The so-called “leaves^' 
are fleshy structures about 4 by 6 mm. in diameter and 50 mm. in 
length. 
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They resemble phylloclads more than true loavevS be(‘ause no lamina is 
present, and in transverse section they resemble the petioles of the 
Lyginopteridaceae. The epidermis bears hairs and sunken stomata. 
At the ends of the twigs these phylloelads are clustered into buds. They 
were shed regularly and remained attached for only a short distance 
below the stem tips. This kind of foliage is quite different from that 
known to belong to any of the Cordaiteae and it bears more resemblance 
to that of the araucarian conifers. It therefore tends to separate the 
Pityeae and the Cordaiteae, and suggests at least a remote connection 
with the Araucariaceae. The Pityeae and the Cordaiteae were in all 
probability independent families as early as Upper Devonian time but 
we know nothing of their history previous to that time. 

Archaeopitys^ with one species, - 1 . Easfmanii^ from the late Upper 
Devonian of Kentucky, is a close relative of Pitys. The stems have a 
large continuous pith with mesarch primary strands scattered through- 
out, and numerous circummediillary strands at the inner surface of the^ 
wood. Some and possibly all of the last mentioned strands divide to 
form leaf traces, and as the trace passes through the wood it becomes 
surrounded by secondary wood of its own. The reparatory strand, 
above the point of departure of the trace, swings inward and becomes a 
medullary strand. The secondary wood is dense, like that of Callixylon 
and CordaiteSy and consists of multiseriate pitted tracheids, and rays 
that are both uniseriate and multiseriate. Nothing is known of the 
foliage of this genus. 

Some of the similarities between the Pityeae and certain genera of 
the Calamopityaceae should be mentioned. In CalamopitySy Callixylon, 
Pitys y and Archaeopitys no true leaf gap is present in the primary vascular 
cylinder, but the reparatory strand continues upward without interrup- 
tion from the point of departure of the trace. In some species of CaP 
amopitys and Pitys there is a ‘‘mixed pith,’^ which is a pith consisting of 
a mixture of xylem elements and parenchyma, and in certain species of 
both genera there is a tendency toward complete medullation whereby 
the primary xylem is reduced to small circummedullary strands. The 
secondary wood of the calamopityean genus Eristophyton is pycnoxylic 
(dense wooded) much like that of Callixylon and Archaeopitys: the 
differences relate only to details, and all are on approximately the same 
plane of development. The Pityeae as a group are more advanced than 
the Calamopityaceae, but as they are nearly contemporaneous geologic- 
ally one cannot be considered the ancestral stock of the other. The term 
“iceloplasmic^^ has been proposed for forms such as those mentioned 
here which may represent terminal members of lateral offshoots and 
which may appear on structural grounds to represent a phylogenetic 
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sequence, but which because of contemporaneity cannot be regarded as 
veritable ancestors or descendants. The Calamopityaceae and the 
Pityeae disappear from the geological sociuence at about the same time 
and they may in some manner be connecting links between some very 
early stock and the araucarian conifers. This assumption, it should be 
stressed, is to a great extent hypothetical and requires substantiation. 

The possible affinity between the Calamopityaceae and the Pityeae 
is further emphasized by the recent dis(;overy of two stems, Megalomyelon 
and CauLoxylon, in the Reed Springs formation of Mississippian age 
from Missouri. Both types have paired leaf traces arising from separate 
bundles, which is a calamopityean feature. They differ, however, in 
the structure of the secondary wood; that of Cauloxylon is more distinctly 
calamopit 3 ^oan, Imt in Megalomyelon the wood is dense and the rays 
narrow. A third genus, Pycnoxylonj has dense wood and a single leaf 
trace at the place of origin, but in the secondary wood it divides into 
t wo in a vertical plane. The primary xylem strands, which are partly 
submarginal, are endarch in the vicinity of the nodes. All three forms 
from the Reed Springs formation possess a large pith and numerous 
bundles of which Megalomyelon and Cauloxylon have about 100 each, 
and Pycnoxylon about 45. They all sh()w a combination of pityean and 
calamopityean characteristics, although Pycnoxylon^ because of a tend- 
ency toward endarchy, is more cordaitean. 


The Cordaiteae 

Any account of the Cordaiteae centers principally around the genus 
CordaiieSy which is known mostl^’^ from an assemblage of dismembered 
parts separately designated under a variet}^ of names. The wopd, for 
example, is known as Cordaioxylon, Dadoxylon^ or Mesoxylon, The 
roots ar e Amyclon^ the inflorescenses ar e Cordaiafithus . the defoliated 
branch compressions are Cordaicladus, the pith casts are Artisia^ and the 
seeds are variously called Cordaicar'pus, Cardiocarpus, Mitroi^permumj or 
Samar opsisj depending upon the form and method of preservation. 
Cordaites is essentially a genus of the Carboniferous. There is no 
satisTa^tory evidence of its existence in the Devonian although it is 
occasionally mentioned in rocks of that age in the literature. If it 
survived into the Mesozoic, its post-Paleozoic occurren^^jlds restricted to 
a few forms. Dadoxylon Chaneyiy from the Upper TriasS^Chinle forma- 
tion of Arizona, is a stem that displays many essential cordaitean char- 
acteristics such as a large pith, partially biseriate pitting, and numerous 
and fairly distinct primary wood strands in contact with the secondary 
wood. The exact affinities, however, are somewhat problematic. 
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The cordaitean remains most frequently encountered are compressions 
of the long slender leaves (Figs. 142 and 143). These occiasionally reach 
a length of 1 m. and taper gradually toward the apex and base. Typical 
^ ^ examples are linear although they vary from lanceolate 



to spathulate in form. Some taper to a lancelike 
point but others are blunt or rounded at the tip. 
Still other cordaitean leaves are of the Psygmophyllimi 
type — broad fanshaped organs split apically into 
several slender segments. Cordaitean leaves possciss 
no midrib, but a series of fine parallel lines traverstj 
the length of the blade. Attachment was either by a 
broad vertically compressiKl base or by a transversely 
elongated elliptical base. They were borne in spiral 
sequence on the smaller bran(‘hes that formed the 
crown of the tree. 

The different species of cordaitean leaves show 
considerable variation in internal structure. In some 
(C. lingvlaiifs) the palisade and spongy layer's ai'e well 
differentiated, but in otlu>rs (C. angulososlriafus) the 
photosynthetic tissue is quite uniform. All leaves 
that have been investigated (contain considerable 
sclerenchyma. In some it occurs as laterally coales- 
cont hypodermal ribs, with the largest ribs above and 
below the bundk^s {C. anguloHOHtriatm). In other 
species this tissue accompanies the bundles only, and 
the mesophyll between them al)uts dii'ectly against the 
ei)idermis (C. lingulatus). Separate fibrous strands 
sometimes alternate with the bundles, and in C. 
Felicis, which is believed to belong to Mesoxylofi, 
these strands extend completely across the interior 
of the leaf from one epidermal layer to the other. 
The bundles, which are either mesarch or exarch, are 


Fig. 142.— Cor- 
daiies principalis. 
Nearly complete 
leaf. Saginaw 
group, Lower Penn- 
sylvanian. Grand 
Ledge, Michigan, 
natural size. 


completely surrounded by a bundle sheath of thick- 
walled cells. 

The epidermis of the cordaitean leaf is covered 
with a moderately thick cuticle which is sometimes 
preserved, and which occasionally reveals the pattern 
of the epidermal cells and the form and arrangement 


of the stomata (Fig. 144). In those cordaitean leaves in which the 


epidermis has been investigated the stomata are distributed in bands 


lengthwise of the leaf. In some species the komata within a stomati- 


ferous band are arranged in lengthwise rows, but in others the distribution 
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Kki. 143. — lufloroacfoiicf diui toliage-beariiig branches of CordaUea. (After Grand ’Bury.) 

Koduced. 

is irregular. The stomatiferous bands are separated by nonstomatiferous 
strips that probably, in most species at least, correspond to the scle- 
renchymatous strips inside the leaf. However, the 
relation between the internal and external features of 
cordaitean foliage has not been investigated in more 
than a few forms. The relative widths of the stomati- 
ferous and nonstomatiferous bands vary in different 
species. The epidermal cells of the nonstomatiferous 
bands are rectangular in surface view, their walls are 
straight, and they are often arranged in regular series 
for long distances. The guard cells are surrounded 
by four to six subsidiary cells. Those lying beside the 
guard cells often bear a cuticular ridge that arches daUea «p. Epider- 
slightly over the stomatal opening, Cuticular ridges y^diary celirc^^p^^ar 
and papillae may be seen on some of the other epider- subsidiary cell, 
mal cells also. Each stoma has two polar subsidiary Flonna) 

cells, which abut on the ends of the guard cells. When the stomata are 
in definite longitudinal rows and close together, the polar subsidiary cell 
may serve to connect consecutive stomata. The epidermal cells within 
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a stomatal band arc usually shorter in proportion to their width than 
those between the bands. 

The size and form of the cordaitean leaves led many of the early 
paleobotanists to place them with the monocotyledons. Some thought 
they belonged to palms, and the associated circular or heart-shaped 
seeds were mistaken for palm fruits. Other inv(\stigators compared them 
with the cycads. It was not until 1877, when the French paloobotanist 
Grand'Eurjr published his epocdi-making work on the French Oarbonifer- 
ous flora, that the question was settled and the true j)osition of Cordaitcf^ 
in the plant kingdom was finally decided. Grand'Eury's conclusions 



Fig. 145. — Cordaites michiganensis. Inner part of the wood showing the narrowing 
of the woody segments as they approach the pith. Lower Pennsylvanian. Grand Ledge, 
Michigan. X 50. 


concerning the gymnospermous nature of Cordaites were soon confirmed 
by Renault^s investigations of the inflorescences. 

Cordaitean foliage is often present in large quantities in the shales 
and sandstones in close proximity to Carboniferous coal beds. It is not 
unusual to find the surface of large slabs nearly covered with the criss- 
crossed leaves, but because of their great length they are seldom found 
complete. 

> The cordaitean trunk contains a large pith, a relatively small amount 
of primary wood, and a thick layer of secondary wood. The primary 
wood, which is inconspicuous, is made up of small tracheid strands 
situated at the tips of narrow wood wedges fornied by a slight broadening 
of the rays as they approach the pith (Fig. 145). The tracheids of the 
primary wood are annular, spiral, scalariform, reticulate, and pitted, and 
the transition zone, especially in the spiral and scalariform region, is 
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relatively broad. There is no sharp demarcation between the primary 
and the secondary wood. 

The primary wood in Cordaites is usually regarded as endarch, 
although in Memxylon the mesarch condition prevails in those bundles 
which give rise to the leaf traces. It is believed that the stems of a large 
number of typical cordaiteans is of the Mcsoxylon type, although it is 
manifestly imprope^r to assign any stem to Mesoxylon unless the mesarch 
character of the bundles is demonstrable. 

The secondary wood of Cordaites (and Mesoxylon) was produced as a 
thick lay(n’ around the thin discontinuous primary xylem cylinder and 
pith. The ti-acheids are long and slender, and bordered pits cover the 



Fio. 146 . — Cordaites ti'ansversa. Radial longitudinal secition through the stem .showing the 
pith septatioiii-i. Coal Measures. England. X 2, 

radial walls. The pits may be in one, two, three, or more rows. They 
commonly show an alternate arrangement and a hexagonal outline due 
to mutual pressure. The rays are simple structures commonly not more 
than one cell broad. The ray cells are thin walled and sometimes 
contain dark resinous material. Xylem parenchyma or resin cells are 
lacking. Growth rings are seldom present in the coal-swamp members 
but appear more frequently in the late Permian forms. 

The pith is a prominent feature in the cordaitean stem (Fig. 146). 
Ordinarily it ranges from 1 to 4 cm. in diameter, although specimens have 
been recorded with a pith 10 cm. or more in diameter. The tissue is 
entirely parenchyma, and it is not known to contain tracheids or sclerotic 
cells. Gummy material may sometimes be present. During elongation 
of the stem tip the pith became transversely ruptured at close intervals 
resulting in the formation of a series of diaphragms separated by lacunae 
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similar to those of the modern Juglam. On the pith casts of Cordaites 
the position of these septations is shown by a series of shallow ringlike 
constrictions (Fig. 147). 

Cordaitean pith casts have long be(ui designated by the name Artisia^ 
which was given them by Sternberg in honor of his friend Artis in 1838. 

Artis however,, had previously created 
for them the genus Sicrnbergia/d name 
since discarded because it designates a 
Re(;ent genus of flowering plants. 
Artisia transiw.rsa^ which ranges up to 
10 cm. in diameter, is a common form 
in the American and European Car- 
boniferous. / Another so-called “ spe- 
cies freciuently mentioned in the 
literature is A, approximata. It is 
impossible to give satisfactory descrip- 
tions of these casts because the size 
and surface markings are extremely 
variable and, moreover, a transversely 
septate pith is not restricted in t-he 
plant kingdom to the Cordaiteao. 

Petrified cordaitean wood is o(u;a- 
sionally found in coal-balls and other 
types of petrifactions, but when the 
primary wood is lacking, as it usually 
is, criteria for satisfactory determina- 
tion of species are somewhat limited. 
N evert.heless, many species based 
wholly upon microscopic details of the secondary wood have been named. 

The best example of a structurally preserved cordaitean stem to be 
found in North America is Cordaites michiganensis (Fig. 145) from the 
Saginaw group of lower Pennsylvanian age in Michigan. The stem 
portion, which was 16 cm. long and 4 cm. in diameter, was infiltrated with 
calcium carbonate and iron pyrites. The large pith, which was about 2 
cm. across, was replaced with a core of crystalline sphalerite in which 
no cellular structure had been retained. The septations of the pith were 
therefore not visible. In a cross section of this stem the secondary wood 
forms a layer about 1 cm, in extent and is of the type previously described 
for cordaitean stems in that it consists of compactly placed tracheids 
with multiseriate bordered pits on the radial walls and narrow rays. 
As the rays approach the pith, they broaden and thus separate the 
innermost wood into narrow, wedge-shaped 'segments. At the inner 



Fig. 147. — Anisin sp. Cordaitean 
pith • east. Lower Peiiiisylvariiaii. 
Alabama. Natural size. 
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extremities of these wedges is located the primary wood, which is small 
in amount. Longitudinal sections show tracheids of the closely wound 
spiral type near the points of the wedges, and between these and the 
pitted tracheids are one or two cells showdng reticulate wall thickenings. 
No enlarged trace-forming strands are visible in the transverse section, 
hence the specimen appears to be a true Cordaites. 

Cordaites iowensiSy from the Des Moines series of Iowa, differs from 
C. michiganemsis in having multiseriate bordered pits in the first-formed 
secondary wood but uniseriately arranged pits in the later wood. Since 
the primary wood is not well preserved, it is impossible to determine 
whether this species belongs to Cordaites or to Mesoxylon, but lacking 
this one diagnostic feature Cordaites is the only appropriate genus for it. 

Soon after the middle of the last century Sir William Dawson 
described several specimens of wood from the Eastern United States and 
Canada under the name Dadoxy- 
Ion. Most- of them are undoubt- 
edly cordaitean but some have 
been found upon more recent and 
thorough examination, to belong 
to other plant groups. The wood 
that Dawson named Dadoxylon 
Halliiy for example, belongs to 
AneurophytoUf and his D. New- 
herryi exhibits the characteristic 
pitting of C alii xy Ion. An un- 
doubted member of the Cordaiteae 
is Dawson^s D. ouangondianum 
from St. Johns, New Brunswick. 

Dawson thought- its source was 
Middle Devonian but later in- 
vestigations have shown that the Dadoxylon sandstone from which it 
came is of lower Pennsylvanian age. Our knowledge of D. ouangon- 
diannm is sketchy but Dawson figures the septate pith, which provides 
fairly satisfactory proof of its affinities. 

Additional species of Dadoxylon from Pennsylvania, Kansas, Illinois, 
and Ohio have subsequently been described by other authors. In other 
continents, species of Dadoxylon have been described from Brazil, 
England, France, Saxony, South Africa, New South Wales, and elsewhere. 
Our knowledge of many of these woods is in a very unsatisfactory state 
and a list of species would serve no useful purpose. However, they do 
show the wide distribution, both geographically and stratigraphically, of 
large cordaitean forest trees during Carboniferous and Permian times. 



Fig. 148. — Mesoxylon muUirame. Semi- 
diagrammatic transverse section of stem 
showing the large pith, the leaf trace bundles 
(solid black), the secondary wood, and the 
cortex with fibrous tissue (stippled). {After 
Scott.) Slightly reduced. 
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Mesoxylon was originally described by Scott and Maslen from the 
Lower Coal Measures of Great Britain where some half-dozen species 
have been discovered. The genus has since been reported elsewhere and 
is probably of wide occurrence, but the obscure anatomical feature that 


(A) 




(B) 

Fig. 149. — (A) Mesoxylon platypodium. Transverse section of one of a pair of leaf 
trace bundles at the margin of the pith. Px, position of the protoxylem. {After Maslen.) 
X about 50. (B) Amydon radicans. Root of Cordaites showing the tetrarch primary 

xylern strand. Coal Measures. Great Britain. X about 15. 

distinguishes it from Cordaites is probably a reason for its having been 
frequently overlooked. The calcified stems in which the distinctive 
features of Mesoxylon first noticed had previously been assigned to 
Ctyrdaites and Poroxylon. In the stem the pith is relatively large (as in 
a typical Cordaites) and discoid. The wood is dense, with small tracheids 
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that bear multiseriate bordered pits on their radial walls, and narrow, 
mostly uniseriate rays. The generic character lies in the leaf trace, 
bundles. The trace originates as a single strand along the inner surface 
of the wood and then divides into tAvo strands. At the point where theie 
strands originate they are mesarch, thus differing from those of Cordaites 
which according to the earlier authors are absolutely deprived of centri- 
petal wood.'/ The outer cortex of the stems is strengthened by a netAvork 
of sclcrenchymatous strands. The several species differ only A\ith respect 
to details, some of AAdiich may be of questionable constancy. In M. 
Sutcliffiij for instance, the leaf bases are croAA^ded, completely covering 
the stem surface. In other species they are described as less croAvded or 



acicular bracts and the axillary scale-covered dwarf shoots. The seeds have become 
detached. Saginaw group. Grand Ledge, IVlichigan. About natural size. {B) Cordai- 
anihiis ampullaceus. Detached seed. Saginaw group. Grand Ledge, Michigan. X 2. 
{C) Samaropsis annulatus. A flattened winged seed with circular wing, apparently belong- 
ing to the Cordaitales. Saginaw group. Grand Ledge, Michigan. X 1/^2. 


moderately scattered, and in M. Lomaxii and M. plaiypodmm they are 
definitely scattered. A specific distinction of more fundamental impor- 
tance has to do AA ith the separation of the trace bundles. In M. Sutcliffii 
the twin bundles arise at a low level and extend upward as a pair through 
several internodes before they depart through the secondary Avood. In 
M, poroxyloides the division occurs just below the point Avdiere the trace 
bends outward to traverse the Avoody cylinder, the loAver part being a 
single strand. In M, multirame (Fig. 148) the situation is somewhat 
like that in M. Sutcliffii except that the tA\in bundles lie in contact Avith 
each other. In M. platypodium the members of the pair are far apart 
along the pith margin and further subdivisions occur before they leave 
the wood (Fig. 149A). The leaves of all species receive several trace 
strands (16 in M. Sutcliffii), and in some species axillary buds are present. 
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M. multirame has been found to bear axillary shoots having the structure 
of CordaianthuSf the inflorescence of the Cordaiteae. 

The roots of Cordaites are described as Amyelon, The central 
protostele is diarch, triarch, or tetrach and is surrounded by secondary 
xylem (Fig. 149 J5). A rather extensive periderm layer was produced 
deep within the cortex. 

The f rue tifl cations of the Cordaiteae are lax inflorescenses 10 cm. 
or more in length borne on the stems among the leaves (Figs. 143, 16QA, 
and 151A). The defoliated stems often show small round inflorescence 
scars located a slight distance above the larger and transversely broadened 
leaf scars. Compressed inflorescenses are frecpient but petrified speci- 
mens are rare. It is from the latter, however, that most of our knowledge 
of their structure and morphology is obtained. * The main axis of the 
|inflorescence is a slender stalk bearing stiff taper-pointed bracts. Within 
the axil of each bract is a short budlike strobilus (Fig. 150A). In most 
compressions the strobili and their subtending bracts have the appearance 
of being arranged in two rows on opposite sides of the inflorescence 
axis, but petrified specimens sometimes show in cross section four 
strobili arranged nearly at right angles to each other. The arrangement 
is probably a spiral or a modified spiral. 

The most recently investigated cordaitean inflorescence is Cor- 
:daianthm Shuleri from the middle Pennsylvanian of Iowa and Kansas. 
The individual strobili are short, being only slightly more than 1 cm. 
long and about one-half as wide. The strobilus consists of a short woody 
axis or dwarf shoot bearing spirally arranged overlapping appendages, 
some of which are fertile. The fertile appendages bear terminal ovules 
or pollen sacs, but never, as far as known, both within the same inflores- 
cence. The strobili of the male inflorescences contain one to six or more 
fertile bracts (microsporophylls) each of which supports as many as six 
terminal elongated pollen sacs. Each female strobilus usually contains 
one to four ovuliferous appendages (megasporophylls).^ In some species 
the megasporophylls are forked and bear two terminal flattened ovules. 
The male and female inflorescences are always similar in appearance, 
and it is diflScult to distinguish between them unless pollen sacs or ovules 
are present. In the young stages the fertile appendages are short and 
retain the ovules between the closely appressed sterile appendages on 
the dwarf shoot. In mature specimens the fertile appendages have 
elongated so that the ripened seeds are suspended out beyond the bracts 
on slender stalks. / 

Until recently most of our knowledge of the internal organization of 
the cordaitean strobilus was based upon silicified French material from 
the late Carboniferous. In the French forms the seed pedicels were 
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described by Renault as being in an axillary position, but it is now 
believed that this original interpretation was wrong. The situation is 
well shown in Cordaianthus Jltiitans and the afore-mentioned C. Shukri, 
which bear their fertile appendages in the same spiral mth the sterile 
ones. 

The pollen grains of Cordaiies are globoid^bodies usually measuring 
less than 100 microns in their greatest dimension. As with pollen grains 
and heavily walled spores generally, the wall consists of an intine and a 
heavily cutinized exine. The exine is inflated into a single large air sac 




{A) (B) 

Fig. 151. — '(A) Cordaianthus sp. Middle Pennsylvanian. Maryland. {After Berry.) 
Reduced. {B) Cordaianthus sp. Pollen grain: o, air cavity of exine; b and c, cells of the 
internal cavity. (After Florin.) X 710. 

that completely surrounds the intine except for a small area at one side 
of the grain. This air sac rendered the pollen grain buoyant and facil- 
itated dispersal by wind. Well-preserved fructifications sometimes 
show developmental stages. The cavity of the young grain is lined with 
a layer of prothallial cells which at first surrounded a large cell within 
which nuclear division took place to produce the potential spermato- 
genous cells. Four or five spermatogenous cells may be seen in some 
specimens. The pollen grain is essentially an antheridium similar to 
that produced by modem gymnosperms (Fig. 1515). It is probable that 
bollen tubes were produced when the pollen germinated, although fer- 
lilization was apparently carried out as in Recent cycads. 


1 




298 


AN INTRODUCTION TO PALEOBOTANY 


Most of the seeds of the Cordaitales are of the “Cardiocarpales^^ 
type. The cardiocarps arc flattened, heart-shaped seeds in which the 
nucellar portion is surrounded by an integument of which the outer layer 
is laterally expanded into an encircling wing (Figs. 150J8 and C). These 
Avinged seeds are often associated in considerable numbers with cordai- 
tean foliage and in a fcAV instances they have been found attached to the 
inflorescences. It should be noted that in the Cordaiteae both the seeds 
and the pollen grains are Avinged, a fact that stresses the important role 
of Avind in the life cycle of the plant. 

The only absolutely positive means of determining Avhether a given 
seed type belongs to the Cordaiteae or the Pteridospermae is to find it 
attached to vegetative parts, but in general those flattened seeds Avith a 
narroAV winglike border belong to the former. Pteridospermic seeds are 
often oval or flattened, without a Aving, but this is not an infallible rule 
for determining the aflfinity of detached seeds. The highly constant 
association of seeds Avith a very broad wing and the A^egetative fronds of 
Megalopteris has previously been mentioned. Furthermore, the full 
range of seed types produced by the Cordaiteae is unknown. Morpho- 
logically the seeds borne by the two plant groups are quite similar. 

Cordaitean seeds vary considerably in size although they seldom 
exceed 3 cm. in their greatest dimension. The base of the seed is com- 
monly rounded or slightly cordate, and the apical portion in some is 
draAvn out into a beak. The AAdng varies in AAidth in different forms, 
sometimes being nearly equal all the Avay around or slightly broader at 
the apical end. The internal structure of a fcAV types is knoA\n, examples 
being Cardiocarporij Cycadinocarpus, Diplotcsta, and Mitrospermum. 
They all show a remarkable degree of structural uniformity and differ 
mainly in details. In all observed instances the nuccllus is free from 
the integument except at the base, and the vascular supply is double, as 
in Trigonocarpus. The nucellar beak of the pollen chamber projects 
upward into the micropyle,^ It is at once evident that the resemblance 
betAveen the seeds of the pteridosperms and the Cordaiteae is closer 
There is, however, in the Cordaiteae a tendency toward simplification, 
and the elaborate lobes and frills sometimes present in pteridospermic 
seeds are lacking. As explained in the discussion of the pteridosperms, 
cordaitean seeds are constructed according to the same general plan as 
those of the Recent cycads. ^ There is a single integument with a more dr 
less fleshy outer layer, a sarcotesta, and an inner firm layer, the scle- 
rotesta. Fertilization apparently was accomplished by swimming 
sperms. There is no evidence of fertilization by a pollen tube in any 
Paleozoic seed. If a pollen tube was present, it probably functioned as 
an absorbative organ^as in Recent cycads and the Ginkgo.. 
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The Poroxyleae 

The Poroxyleae contains one genus, Poroxylon, with two species from 
the Permo-Carboniferous of France. ' Since nothing has been added to 
our knowledge of this genus within recent years it will be treated briefly. 

The stem of Poroxylon has a large pith surrounded by a ring of 
exarch primary xylem strands that is the most distinctive feature of the 
genus. Tftese bundles are in contact with the secondary wood, which, 
unlike that of Cordaites, made up of large cells and broad rays. . In 
this respect it is almost identical with Lyginopteris. The leaves closely 
resemble those of CordaiieSy and seeds known as Rhahdocarpus have 
been found in association with the leaves and stems. 

Affinities of the Cordaiteae 

The Cordaiteae repn^sent a state of comparatively high development 
among Paleozoic plants, and phylogenetically they occupy a position 
that would be approximately intermediate between the Recent cycads 
and conifers. This does not imply, however, that they are the direct 
ancestors of the conifers or were derived from cycadaceous predecessors. 
They were on the same approximate level as the modern Ginkgo with 
which they show several traits in common. 

Structural characteristics of the Cordaiteae, which are also shown 
by the cycads, are the large pith, the abundant sclerenchyma in the leaf, 
and the relatively simple and fairly large seeds. It is probable that they 
produced motile sperms. All these seem to be primitive features which 
both groups have retain(»d from some early but as yet undetermined 
ancestor. 

Points of resemblance between the Cordaiteae and the Ginkgoales 
are the probable motility of the cordaitean sperm and the double leaf 
trace. There is also some resemblance between the leaf of the two 
groups, and mention has already been made of the Psygmophyllum type 
believed to have been borne by some cordaitean trunks. The Recent 
Ginkgo exhibits a number of characteristics that may have been retained 
from some ancient form ancestral to both the Ginkgoales and the Cor- 
daiteae. The motile sperms produced by the cycads and ginkgos 
apparently were shared by all Paleozoic seed plants but fertilization by 
means of the pollen tube was probably a later development.. 

Between the Cordaiteae and the Pteridospermae the similarities are 
not as conspicuous as the differences. The strongest bond between them 
is the structure of the seeds, which, as heretofore explained, are not 
readily separable. On the other hand they were borne differently by the 
two groups because nothing resembling a seed-bearing inflorescence is 
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known for any of the seed-ferns. Then there is little in common between 
the foliage of the two groups, and numerous modifications would be 
required to produce a cordaitean leaf from the pteridospermic frond. 
As to the anatomy of the stems, a large pith is the rule in both groups. 
Mesoxylon has retained a certain amount of centripetal wood and the 
leaf trace is a double strand. Poroxyloii probably comes nearest to linking 
the Pteridospermae and the Cordaitales because it has LyginoyterisAiike 
secondary wood, double traces, and exarch primary wood. Except in 
such genera as EristophytoHj the secondary wood of the Pteridospermae 
is made up of large tracheids and rather broad numerous rays (mon- 
oxylic), which contrast rather sharply with the denser (pycnoxylic) 
structure of the Cordaiteae, Pityeae, and the conifers. Multiseriate 
bordered pits cover the tracheid walls of the Pteridospermae and most 
of the Cordaiteae. 

The most apparent of the resemblances between the (Cordaiteae and 
the modern conifers is the lofty arborescent habit, a feature shared by the 
Pityeae and possibly also by the Poroxyleae. As none of the pterido- 
sperms are known to have become large trees, the Cordaitales are the 
largest of the known Paleozoic seed plants. Although the internal 
anatomy of a cordaitean leaf may more closely resemble that of a cyca- 
dean pinnule than a typical coniferous leaf, there is some external resem- 
blance to the leaves of the eastern Asiatic Podocarpus and the araucarian 
genus Agaihis, The leaves of these genera are the largest of the coni- 
fers, sometimes reaching a length of 29 cm. in Podocarpus and 17 cm. in 
Agathis. 

The presence of multiseriate bordered pits on the tracheid walls and 
the absence of resin canals from the wood of the Cordaiteae has long 
been looked upon as prima-facie evidence that the Cordaiteae are more 
closely related to the araucarian conifers of the Southern Hemisphere 
than to the Pinaceae and the other northern families. These similarities, 
coupled with the fact that wood showing araucarian characteristics 
(Araucarioxylon) is the predominating form of coniferous wood through- 
out the Mesozoic, are mainly responsible for the prevailing views of 
araucarian antiquity and theories that the araucarians are cordaitean 
derivatives. However, the additional light that has been thrown on the 
morphology of the cordaitean inflorescence during the past two decades 
has directed attention to possible homologies between this organ and 
the abietinean^ cone, homologies which receive support in a series of 

1 The Abietineae, or Abietaceae, depending upon whether the group is given 
subordinal or family status, includes those genera placed by Pilger in the Pinaceae 
in Engler and Prantl, *‘Die nathrlichen Pflanzenfamilien,” Vol. 13, 1926. They are 
Abies f Cedrusy Keteleeriay Larix, Picea, Pinm, PseudolariXy Psendoisuga, and Tsuga. 
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connecting links supplied by the Paleozoic coniferous genera Lehachia^ 
ErnesHodendron, and Pseudovoltzia. These genera are described on a 
later page. 
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CHAPTER XTI 


THE ANCIENT CONIFERS 

The conifers arc woody, naked-seoded plants, which often grow to a 
large size. In vegetative features such as habit, the entire leaves, and 
the extensive development of secondary wood, many of them show a 
decided resemblance to the Cordaitales, although differences may l)e 
noted in the structure of the reproductive organs, the manner in w hich 
the seeds are borne, and in the somewhat lesser amounts of primary 
wood. Nevertheless, the resemblances are sufficient to suggest some 
degree of relationship. In most conifers the leaves are needlelike or 
scalelike, and differ markedly from those of the Cycadales and Gink- 
goales. An additional feature that sets the conifers apart from their 
more pteridospermlike contemporaries is the production of nonmotile 
sperms at the time of fertilization. The fructifications of most conifers 
are unisexual conelike inflorescences in which the seeds are borne on 
spirally arranged cone scales which in most genera are hard and woody. 
The pollen is produced in pollen sacs attached to the lower surface of 
stamens arranged in spiral sequence on the axis of the staminate cone. 

The geological history of the conifers begins with the Upper Carbonif- 
erous (Pennsylvanian) epoch, and the order probably reached its 
developmental climax in the late Jurassic or early Cretaceous. During 
the late Mesozoic it began to decline, probably as a result of more success- 
ful competition on the part of the angiosperms whose phenomenal rise 
to dominance took place rather abruptly during the early and Middle 
Cretaceous. Since late Mesozoic times the decline of the conifers has 
gone on slowly but steadily. Certain genera and species, as the sequoias 
and the Monterey cypress, are probably making their last stand in 
restricted localities along the Pacific Coast, and some sudden climatic or 
other environmental alteration would probably bring about their com- 
plete elimination. Others, such as the pines, spruces, junipers, and 
firs seem well established and apparently are not facing immediate 
extinction from natural causes. 

THE PALEOZOIC CONIFERS 

The conifers of the Paleozoic are known to us mostly from compressed 
foliage-^bearing twigs, inflorescences, seeds and pollen, all of which 
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are conveniently although sonn^what arbitrarily grouped into the family 
Voltziaceae. The members of this family are woody plants with small 
spirally arranged leaves of somewhat araucarioid appearance and rather 
small loosely constructed conelike inflorescences, which are essentially 
intermediate between the inflorescences of the Cordaitales and the cones 
of the Pinaccae. The group ranges from the early or middle Pennsyl- 
vanian into the Jurassic. 

The most fully investigated Paleozoic coniferous genus is Lehachia, 
which was recently proposed by Florin for parts belonging to the form 
genera Walckia^ W ahhiostrobus, Walchianthus^ GomphostrobuSj Cordai- 
carpus^ and PoUeniies. Leaf-bearing twigs in which stomatal character- 
istics are not determinable are still assigned to Walchia. Gomphostrobus 
is the name given to certain bifurcated leaves, which are found on both 
the fertile and vegetative parts, and WalchiostrobuSy Walchianthufiy 
CordaicarpuSj and PoUeniies refer to seed-bearing cones, staminate cones, 
seeds, and pollen, respectively. 

Lehachia and Walchia occur sparingly in the middle and late 
Pennsylvanian of North America but become more abundant in the 
early Permian where they are characteristic fossils of the '^Red Beds^^ 
of Kansas, Oklahoma, J'exas, and New Mexico, as well as of beds of 
similar age at otlier placets. In contrast to the widely spread swamp 
conditions that prevailed throughout the greater part of the Pennsyl- 
vanian, the climate indicated by Lebachia is believed to be more arid. 
Its first appearance in the Pennsylvanian is in strata containing mud 
cracks and casts of salt crystals. The genus did not become widely 
distributed during the Pennsylvanian, but with the advent of the Permian 
and the gradual disappearance of the swamps, coupled with the decline 
of the swamp flora, Lebachia and some of the other members of the 
Voltziaceae expanded widely beyond their original restricted ranges to 
occupy a more prominent place. 

Lebachia was a tree of unknown size with a straight slender trunk. 
Its pinnately arranged branchlets bore small needlelike leaves only a few 
millimeters long (Fig. 152). These leaves are spirally arranged, imbri- 
cate, decussate, spreading or appressed, and tetragonal in cross section. 
On the larger branches the leaves are longer and sometimes bifurcate. 
There are four bands of stomata, two long ones on the ventral surface 
and two shorter ones on the dorsal side. Occasionally the dorsal surface 
is without stomata. The stomata are irregularly distributed within 
these bands, and in this respect Lebachia differs from Ernestiodendroriy a 
related genus, in which the bands consist of a single row of openings. 

The cones of Lebachia are cylindrical or ovoid inflorescences borne 
singly at the tips of the ultimate branches (Fig. 162B). Seeds and pollen 
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were borne within separate cones. In Lcbacina piniforrnis^ the most 
thoroughly investigated of the Paleozoic conifers, the cone axis bears 
spirally arranged bifurcated bracts Avhich in the detached condition are 
known as GomphostrohuSj and in the axils of which there are short fertile 
shoots. These fertile shoots in turn bear several spirally arranged 
scalelike appendages of which one is h^rtile with a single terminal ovule 
(Fig. 153). This fertile appendage is in the same spiral sequence with 



(A) (B) 

Fig. 152. — (A) Lebachia Goeppertiana. Lower Rot hliegende. Saar, Germany. {After 
Floriri.) X 5. {B) Lebachia piniformis. Penultimate branch bearing pinnately ai ranged 

ultimate branches and cones. Lower Rothlicgcnde. Lodove, France. (After Florin.) 
About J 3 natural size. 

the sterile ones. The seed cone of L. piniformis is therefore similar in 
construction to that of Cordaianthus, the essential difference being that 
the number of ovules on each axillary fertile shoot is reduced to one. 
The seeds are flattened and are of the Cordaicarpus type. 

Rather little is known of the pollen-bearing organs of Lebachiay but 
they seem to be of similar construction to those which bear seeds. The 
pollen grains are similar to those of Cordaianthus, 

The vegetative parts of Ernestiodendron are identical with those of 
Lebachia except for the single row of stomata making up the stomatal 
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band, and before the discovery of this feature this genus was included 
with Lebachia in the form genus Walchia, Ernestiodendron contains one 
species, E. fiUciforme^ which is rather vddely distributed in the Permian. 
Its inflorescences resemble those of Lebachia when viewed externally, 
but a careful study of the seed-bearing apparatus reveals an important 
step in the evolution of the coniferous in- 
florescence. In this genus the axillary dwarf 
shoot is a fan-shaped structure trilobate at 
the apex, and each lobe bears a seed on its 
adaxial side. This fan-shaped organ with- 
out separate seed-bearing stalks is looked 
upon as homologous with the appendage- 
bearing dwarf shoot of Lebachia and Cordai- 
anthus, having reached this stage of relative 
simplification through the process of fusion 
and reduction of parts. 

Pse'odovoltzia is a genus from the upp(‘r 
Permian of Europe. The leaves on the ulti- 
mate branches are spirally arranged and 
dimorphic. Those at the ends of the 
branches are long, linear, flattened, and 
obtuse, whereas those on the older portions 
are shorter, slightly incurved, and subtetrag- 
onal in cross section. The stomata are 
situated on both surfaces in numerous 
parallel rows with each row only one stoma 
wide. The ovuliferous cones bear spirally 

. ' rio. 15.5. — Lebachia pini- 

disposed bracts as do those of Lebachia and formis. Adaxial side of fertile 

i?me.s<iodendron, but in the axil of each there ‘emoveil in its 

will 1 11 entirety from the axil of its sub- 

is a flattened nve-lobed appendage that bears tending bract. The large ob- 

two or three inverted ovules on the adaxial late ovule has a deep apical 
. , 1 notch and the two lateral lobes 

Side (Tig. 154). form the expanded wings of the 

Lecrosia is a Paleozoic coniferous genus ^nature seed. (After Florin.) 

X about 12. 

in which the branching is irregular in con- 
trast to the pinnate arrangement of the genera just described. The 
leaves on the ultimate branches are needlelike and undivided. Two 
species are known, L. Grand' Euryi, from the late Carboniferous of 
France, and L. Gouldii from the Maroon formation of Colorado. In 
L. Gouldii the penultimate branches bear divided {GomphoBtrobus) 
leaves. The fructifications of this species are unknown, but inX. Grand- 
'Euryi there are terminal ovoid cones made up of numerous overlapping 
scales, which appear to have borne two seeds each. 
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Ullniannia is a late Permian and early Mesozoic genus, which is 
frequently confused with other members of the Voltziaceae. The 
spirally arranged needlelike leaves are crowded and often keeled. The 
stomata are in numerous rows only one cell wide. In 
U. Bronniiy from the Upper Permian of Central 
Edropc, the axillary fertile appendage complexes are 
completely fused into broadened or fan-shaped cone 
scales, which bear a single inverted ovule on the 
adaxial side. 

A few other coniferous types have been described 
from the late Paleozoic but those mentioned in the 
foregoing paragraphs are best known. Brief mention 
should, however, be made of Araucarites Delafondiy 
from the Lower Permian of France, which is often 
cited as the oldest known member of the Araucari- 
aceae. The material consists of broadly triangular 
cone scales, which are cuneate or truncate at the bak' 
and rounded with a small median indentation at the 
apex. In the middle is a shallow oblong depression that probably marks 
the attachment of the seed. 

Evidence derived from studies of the C'ordaitales and the Paleozoi(j 
Coniferales indicates that there were three overlapping stages in the 
evolutionary history of the higher gymnosperms of the Paleozoic. The 
oldest of the early members is the Upper Devonian pityean genus Calli- 
xylon, which was followed in the Upper Devonian and Lower Carboniferous 
by the related genera Pitys and Archaeopitys, The second stage began 
\vith the appearance of the Cordaiteae in the Lower Carboniferous. The 
Cordaiteae held forth during the remainder of the Paleozoic, but during 
or possibly before the middle of the Upper Carboniferous there appeared 
in some remote localities away from the swamps the first conifers (Voltz- 
iacea^). This marks the third stage. The course of the evolution of 
the conifers during the Paleozoic is not well understood, but it is believed 
that the group developed rapidly during the Triassic and Jurassic when 
some of the modern families became segregated, although it is not possible 
to trace many of the Recent genera much farther into the past than the 
later stages of the Mesozoic. In fact, only a small number of modern 
coniferous types are known with certainty to have existed before the 
Tertiary, and it is difficult to identify any modern genera in rocks older 
than the Lower Cretaceous. Looking backward beyond the early 
Cretaceous the various generic types tend to merge into a maize of inter- 
mediate forms among which distinct lines cannot be explicitly traced. 
These intermediate forms are aptly called the ^Hransition conifers^' 



Fig. 154. — 
Paeudovoltzia Lie- 
be ana. Fertile 
dwarf shoot show- 
ing five terminal 
sterile appendages 
and below them two 
opposite seed pedi- 
cels. {After Florin.) 
Enlarged. 
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because they embody characteristics that at present are expressed by 
distinct genera. The interpretation of these transition conifers remains 
one of the major problems of paleobotany. 

MESOZOIC AND CENOZOIC CONIFERS 

The coniferous remains of the Mesozoic and Cenozoic consist of a 
varied assortment of compressed twigs, foliage, seeds, cones, cone scales, 
and petrified and lignitized wood. Coal and carbonaceous shales often 
yield pollen in quantities. 


Taxaceae 

The name Taxites has been applied to twigs bearing spirally arranged, 
distichously placed linear leaves from rocks ranging from the Jurassic to 
the Recent. Many so-called Taxites could, however, with equal pro- 
priety be referred to Sequoia or the artificial genus Elatocladus. No 
undoubted Taxaceae are older than the Tertiary. The use of the name 
Taxites is therefore not an accurate indication of the occurrence of the 
family during the past. Examples of some plants that have been more 
or less arbitrarily assigned to the Taxaceae are Taxites longifolius from 
the Rhaedic of Sweden and T. hrevifolius from the Jurassic of Great 
Britain. Taxus grandis, from the Tertiary, shows epidermal structure 
similar to T. baccata^ and may therefore be looked upon as the oldest 
authentically identified fossil species. 

Several twigs from the Upper Jurassic, Cretaceous, and Tertiary have 
been referred to Torreya {Tumion) on evidence that is not conclusive. 
A few of these include Torreya caroliniana from the mid-Cretaceous of 
North Carolina, T. Dicksoniana and T. parvifolia from the Lower Cre- 
taceous of Greenland, and T. borealis from the Eocene of Greenland. 

Petrified wood with spiral bands inside the pitted tracheids is usually 
assigned to Taxoxylon. Such structures are conspicuous features in 
Taxus, Torreya, and Cephalotaxus, but they occur outside the Taxceae in 
Pseudotsuga, for example. The presence of spiral bands therefore is not 
conclusive evidence of affinity with the Taxaceae. 

PODOCARPACEAE 

This family of conifers is and always has been essentially southern 
although in India, Southern Japan, and Central America it does extend 
north of the equator. Although several times reported from the Mesozoic 
and Tertiary of Europe and the United States, its past occurrence in 
these nothem latitudes has never been confirmed. Some of these 
supposed podocarps from the north have been found to belong to Atnen^ 
totaxus and others are dicotyledons. The family is an ancient one, 
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the oldest members having been found in rocks of Rhaetic age in New 
Zealand and India. Archaeopodocarpus germanicus, described a few 
years ago from the Upper Permian of Germany, is believed to be mis- 
interpreted, and the remains on which the restoration were based are 
believed to represent IJllmannia. Beginning with the Lower Jurassic 
the podocarps compete wath the Araucariaceae for a position of dominance 
in the coniferous floras of the Southern Hemisphere. Rc^mains resem- 
bling Podocarpus and Dacrydium have been found in the Middle Jurassic 
of Antarctica and have been described under such names as Elatocladus 
and Sphenolepidium. Throughout the Cretaceous and Tertiary rocks 



podocarps have been found in numerous localities in Argentina, Chile, 
Australasia, South Africa, Tasmania, and India. 

A Lower Cretaceous genus once thought to represent the Podocar- 
paceae, but which is of doubtful affinity, is Nageiopsis (Fig. 155), first 
described by Fontaine from the Potomac series of Virginia. The remains 
consist of branched shoots bearing two-ranked, linear to ovate-lanceolate 
leaves with parallel veins, which do not converge to any appreciable 
extent toward the apex. The leaf narrows at the base and is sometimes 
attached by a very short stalk. The parallel veins originate by a series 
of dichotomies. The leaves appear to have been persistent, and it is 
believed that they were spirally arranged on the shoots, although a 
distichous habit is strongly suggested by the compressions. Nageiopeis 
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is so named because of its resemblance to the Nageia section of the genus 
Podocarpus, that section which includes those species with numerous 
parallel veins but no midrib. A midrib is present in the other sections 
of the genus. Nageiopsis also closely resembles Podozamites with which 
it is fn^quently confused. It differs, however, from Podozamites in 
which the heaves are deciduous and the veins converge to a more marked 
extent toward the apex. The fructifications of Nageiopsis are unknown. 

The fossil records of Pliyllocladus are inconclusive, although P. 
asplenioides, from the ICocene of New South Wal(*s, resembles the living 
species. ()th(?r fossil kiafy twigs that bear some resemblance to Phyl- 
locladus are Androvettia, from the Raritan formation of Staten Island, 
and Protophyllocladus from the Dakota formation of Nebraska and the 
Atane beds of Greenland. 


Arai;cauia(^eak 

Since the majority of our road(irs not be familiar with the 

araucarian conifers a brief account of the Recent members of this impor- 
tant and interesting family sc'cans desirable. The family consists of the 
two genera Agathis and Araucaria. The former ranges from the ITiil- 
ippine Islands to New Zealand, and extends throughout the Dutch East 
Indies, Malaya, and Australia. Tlu^ distilbution of Araucaria is similar 
except that two species occur in South America. Although limited in 
its native haunts to the Southern Hc^misphere, Araucaria irnbricata, the 
‘‘monkey puzzle’’ tree, thrives as an ornamental as far north as Scotland 
and along the w^estern coast of North America some distance north of 
the Canadian boundary. A. e.rcclsa^ the Norfolk Island pine, is widely 
cultivated in greenhoust^s. 

The genus Araucaria is divided into two sections. Section Columbea^ 
which includes A. imbricaia^ has relatively large, flat, broad, coriaceous 
leaves traversed by several veins and arranged in a dense spiral. The 
ovulate cone scale is deep and relatively narrow and bears a single 
embedded seed. The seed contains two cotyledons, which remain 
beneath the ground when the seedling dc^vclops. The Section Eutacta 
has linear, subfalcate to falcate leaves that are more or less laterally 
compressed in cross section and traversed by one or occasionally more 
veins. The seed-bearing scale is laterally expanded to form a membra- 
naceous wing, and the seed contains two or four cotyledons, which are 
lifted above the ground surface when the seed germinates. 

In general form and habit the various members of the family are 
much alike. Araucaria imbricatay the species most commonly grown as 
an outdoor ornamental in the Northern Hemisphere, has a pyramidal 
form when- young. The long, slender, lateral branches arise in false 
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whorls of 4 to 10 and the lowermost ones often rest on the ground. The 
foliage is dark green. In their native haunts the older trees possess a 
tall columnar trunk which frequently reaches a height of 200 feet and 
which is devoid of branches except for the crown near the top. This 
crown forms a candelabralike head consisting of spreading horizontal 
shoots terminating in tufts of smaller branches. In some species the 
longest lateral shoots bend upward forming a saue.er-shaped crown. 

In the chapter on the Cordaitales mention was made of certain 
resemblances between the foliage and secondary wood of the Cordaitales 
and the Araucariaceae. Because of these resemblances the araucarians 
are often regarded as the oldest and the most primitive of the Coniferales, 
presumably having been derived from the Cordaitales. This assumed 
antiquity of the araucarians finds additional support in the persistence of 
alleged araucarian features in fossil woods that extend in almost unbroken 
sequence throughout the Mesozoic and Cenozoic to the pn^sent. Also 
throughout the late Paleozoic, the Mesozoic, and the Cenozoic there is 
an abundance of leafy twigs and stems that bear at least a superficial 
resemblance to the leafy branches of some of the species of Araucaria. 
Lack of organic connection, however, between parts usually renders 
determination of affinities difficult and uncertain. 

A different view of the age and evolutionary status of tht‘ Arau- 
cariaceae has been advocated by a prominent school of American botanists 
headed by E.C. Jeffrey, which maintains that this family is not ancient 
but relatively modern, and that its apparent resemblances with th(‘ 
Cordaitales are characters which have been secondarily acquired. 
According to the protagonists of this theory the Pinaceae (Abietineae) 
are both more primitive and more ancient, and they, not the Araucari- 
aceae, are the direct cordaitean relatives. This theory maintains that 
the evolutionary course of the conifers has been a complicated process 
wherein the multiseriate bordered pits in the tracheids of the cordaiteans 
became uniseriate, remote, and round in certain late Paleozoic and early 
Mesozoic members, and the thin-walled and unpitted ray cells became 
thick walled and pitted. Resin canals (lacking in the Cordaitales) also 
appeared. Then it is postulated that this rather strongly modified line 
split into two diverging branches, one continuing along the same direction 
and giving rise to the modern Pinaceae, and the other reversing its 
evolutionary course and regaining characters previously lost. This 
regressive branch would then constitute the Araucariaceae. 

This rather elaborate and seemingly more difficult of the two theories 
of the origin of the Araucariaceae is founded for the most part on com- 
parative studies of the transition conifers of the Mesozoic and on phe- 
nomena interpreted as ontogenetic recapitulations, traumatic reactions, 
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and occurrences of vestigial structures in Recent members of both families. 
The essential weakness of this theory, however, is its disregard for the 
most direct resemblances as constituting the best evidence of affinity, and 
the substitution for them of implications and inferences of an indirect 
kind. Moreover, it rests to a considerable extent upon arbitrary choices, 
and it places too much reliance upon an imperfect and equivocal series 
of fossil forms. Its supporters have relied heavily upon two alleged 
occurrences of Pityoxylon (a pinelike wood) in the Carboniferous. These 
are cited in support of the argument that the geological record favors a 
close connection between the Cordaitales and the Pinaceae. However, 
when the circumstances surrounding these two supposed Pityoxyla were 
critically investigated, it was found that the structure of one of them 
had been misinterpreted (it is not Pityoxylon) and the origin of the 
other could be traced only to a rock pile of unknown source. Thus 
neither of them constitutes satisfactory evid(mce of pinelike conifers in 
the Carboniferous. 

No effort is made in this book to give a complete analysis of the 
problem of the origin of the Araucariaceae, but it is believed that the 
final solution (if such is ever forthcoming) will show that both the Arau- 
cariaceac' and the Pinaceae are descendants of ancient stock, and that both 
are derived from Paleozoic ancestors although the complete segregation 
did not come about until the late Mesozoic. Both lines were diversified 
within themselves during the Mesozoic and many of their members 
possessed characters found now within the separate families. The 
present segregation, then, is largely the result of the extinction of inter- 
mediate Mesozoic types. 

The most abundant fossil material showing evidence of araucarian 
affinities is wood commonly referred to as Araucarioxylon. This genus 
is not a natural one, but the name is used for almost any fossil wood 
having uniseriate and flattened or multiseriate and polygonal bordered 
pits on the radial walls of the tracheids. Xylem parenchyma is rare or 
absent although resin may be present in some of the cells. The rays 
are mostly uniseriate, and the walls of the ray cells are thin and pitted 
only along the sides. Resin canals have never been observed. 

Woods of the Araucarioxylon type merge with those commonly 
described as Dadoxylon of the Paleozoic which for the most part are 
cordaitean. Some authors object to the use of two generic names for 
woods which do not differ in essential morphologic characters, but in 
this instance they serve as convenient categories for the numerous 
miscellaneous woods of the Mesozoic and Paleozoic, respectively, of 
which the affinities can be expressed only in general terms. 

The best display of trunks of the Araucarioxylon type to be found 
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anywhere is in the Petrified Forest National Monument of Arizona. 
Scattered over an area of many square miles are thousands of silicified 
logs, which have been uncovered by weathering of the Upper Triassic 
Chinle formation. The so-called “forest contains three known kinds 
of trees of which the most prevalent is Araucarioxylon arizonicum. The 
logs of this species are of considerable size, averaging 2 or 3 feet in diamc'- 
ter, but in some instances 5 feet. Some arc' 100 fee t long. The tree's are 
not in place, but represent drift logs that had floatc'd for some unknown 
distance before burial. Sinc,e no foliage or fructifications lune bc'c'ii 
found associated with these trunks, the anatomy is the sok' (fine to 
relationship, A small pith occiqnes the center of the trunk but bt'causc' 
of the prevailingly poor preservation in this region vc'ry lilth' is known 
of the primary v'ood. Nevertheless, it. appears to be c'ndarch as in 
modern conifers. The secondary wood is made ii]) of thick-walled 
tracheids that appear roundish in cross section and rays ranging from I 
to 22 cells high. The pitting on the tracheid walls is uniseriat.c' or 
rarely biseriate, and in case of the latter the arrangc'mc'nt is alternate 
and typically araucarian. Rather weakly dc'fined growth rings are 
present in which the late w’ood consists of layers tw o to five cells in 
extent. A. arizonicum is not confined to this one locality, but is found 
in the Triassic of other parts of Arizona and at places in IHah, New' 
Mexico, and Texas. 

Woodworthia, wfith one species, \V. arizonica, is associated with 
Araucarioxylon arizonicum ^ l)ut differs in thc' prescuice of persistemt shoil 
shoots in the secondary w^ood. As the trunk incrc'asc^d in size, these 
short shoots kmgthc'nc'd in a manner similar to those' in thc' genus Pinm. 
Near the central portion of the trunk the short shoot is subtended by a 
leaf trace. This shows that the short shoots wttc axillary structures 
which persisted on the outside of the branches aftc'i* the leaves had fallen. 
In this respect Woodworthia differs from thc living araiK^arians because 
in them the leaf trace is persistent and increases in length as the trunk 
grows in diameter. The persistent shoot of Woodworthia is interpreted 
as an abietinean feature in combination with araucarian characteristics, 
and the genus is one of those Mesozoic types which w^as not completely 
segregated. The logs of Woodworthia are smaller than those of Arau- 
carioxylon arizonicum and seldom exceed 2 feet in diameter. 

AraucariopitySy with one species, A. americana, from the mid-Cre- 
taceous of Staten Island, is another type that appears ti’ansitionaJ 
between the araucarikn and abietinean conifers. In this genus most of 
the pits on the tracheid walls are contiguous and flattened (an araucarian 
feature) but at places they are circular and separated as in Recent pines. 
Another abietinean feature is that all the walls of the ray cells are pitted, 
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and traumatic resin canals were formed. The genus is further character- 
ized by the presence of deciduous shoots which apparently were shed 
annually and which bore fascicles of linear leaves. Although Araucar- 
lopitys is usually classified with the Araucariaceae, it is an excellent 
exami)le of a transition conifer. 

The name Araucariies has long been in common usage for leafy 
shoots, twigs, coiKis, and cone scales believed to possess araucarian 
affinities, and assignment to this genus is usually based upon resem- 
blances to c(n*tain of the living specdes of Araucaria, The oldest fossil to 
be n^ferrcul to Araucaritca with any degree of probability is A. Delafondi 
from the Permian of France, although associated with the remains are 
ve^gc^tative shoots of Ulhnannia frumentaria^ a member of the Voltz- 
iacea(‘. .1. Delafondi consists of broadly triangular cone scales bear- 
ing on the upper surface the scar of a single seed. Throughout the 
Triassic! and Jui*assic, especially the latter, cones and cone scales resem- 
bling thos(' of the Eidacta section oi Araucaria are commonly encountered. 

Thcue is ainple evidence that the Araucariaceae extended into the 
central ])art of North America during the Mesozoic era. The existences 
of Arancarioxylon in the Triassic has already been mentioned. In 
addition to this, sterile branches bearing elliptic.al-ovate leaves reminiscent 
of Araucaria irnhricaiay from the Cretaceous of New Jersey, were named 
Araucarucs omtus by Hollick, and Berry described similar material from 
the IJppcir Oc'taceous of Alabama and North Carolina as Araucaria 
bladensis. Araucariies Ilatcheri came from the Upper Cretaceous of 
Wyoming, and A. hesperia is the name of a portion of a seed-bearing 
cone from the Montana formation of South Dakota. 

Occurring throughout the Mesozoic are many kinds of unattached 
shoots bearing short, spirally arranged, falcate leaves seemingl}^ arau- 
carian but difficult to identify. Pagiophyllum is a type that is widely 
distribuU^d throughout the Jurassic but extends from the late Permian to 
the Cretaceous. Its leaves are imbricate, crowded, broadly triangular, 
tetragonal in cross section, and possess a distinct dorsal keel. Many 
authors use this name for all Mesozoic coniferous shoots lacking fructi- 
fications. Elatides is the name often used for twigs bearing cones 
resembling Picea or Abies and leaves resembling Araucaria excelsa. 

The most important fossil araucarian remains to be found within 
recent years came from Southern Argentina. In the Cerro Cuadrado 
region of Patagonia, well-preserved silicified cones and branches were 
found in volcanic ash beds probably of Eocene age. The lai-rgest of 
these cones is Proaraucaria mirabilis (Fig. 156), which is spherical or 
ellipsoidal, and varies up to 6 by 9 cm. in breadth and length. Except for 
being smaller, it resembles the cone of a living Araucaria^ but an impor- 
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taut structural difference lies in the fact that in the fossil cones there is 
a deep notch between the cone scale and its bract as in the Pinaceae, 
whereas in the modern araucarians the two structures are fused together 
into a single organ. In Proaraucaria a single seed is embedded within 
the cone scale on its adaxial surface. The seeds are oval, slightly 
flattened, and measure about 11 mm. in length. Some of them have 
been observed to contain an endosperm and an embryo with two coty 
ledons and a well-developed hypocotyl. In many respects Proaraucaria 
appears related to the Eutacta section of Araucaria. 



Fig. 156. — Proaravearia mirahilis. Silicified cone. Probable Eocene. Cerro Cuadrado 
Petrified Forest, Patagonia. Natural size. 


The other cone genus found in the Cerro Cuadrado forest is Par- 
araucaria^ which differs from Proaraucaria in its smaller size and more 
cylindrical form. A specimen of average size will measure about 2 by 5 
cm. in breadth and length, but only a few of them have been found com- 
plete. It is essentially similar to Proaraucaria in showing the deep 
sulcus between the cone scale and the bract. 

Associated with both of the cone types just described from Patagonia 
are impressions of twigs bearing leaf scars resembling the Columbea 
section of Araucaria, If these stems belong to the associated cones, the 
whole complex shows not only a combination of araucarian and abietinean 
features but also those of the Eutacta and Columbea sections of the living 
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genus, a further indication that the family has undergone extensive 
evolution within comparatively recent times. 

Cone scales of Agathis are rather abundant in the Cretaceous and 
Tertiary rocks. Agathis borealiSj first discovered in the Arctic, occurs 
also in the Cretaceous of the Atlantic coastal plain. Smaller forms 
which intergrade with A. borealis^ and which are of similar age, have 
been described as Protodammara speciosa. 

A Mesozoic family now believed to be close to the Podocarpaceae, 
but probably reflated to the Araucariaceae, is the Cheirolepidaceae, which 
consists of the four genera CheirolepiSy Ilirmeriella, Itidostrobus, and 
Takliostrobus. The only parts known are the megasporangiate cones, 
which bear spirally arranged seed scales subtended by partly fused 
bracts. Extending backward 
o\Tr the pair of ovules on tlK^ 
upper surface of the seed scale, 
and joined by its margins to the 
edge of the scale, is an epimatium 
that covers the ovule except at 
the micropylar end. The seeds 
arc therefore produced within a 
deep pocket. In Cheirolepis (Fig. 

157), the type genus of the family, 
the bract is digitately divided into 
five points, a feature that recalls 
certain other conifers such as 
Voltzia or Swedenborgia. Cheiro- 
lepis is the most widely distrib- 
uted genus of the family, occurring 
in rocks belonging either to the 
uppermost Triassic or the lower- 
most Jurassic of Western Europe, Eastern North America, southern 
C.hina, and Southern Australia. The other genera are more limited in 
distribution. Hirmeriella is known only from the Rhaeto-Liassic of 
Germany, and Indostrobus and Takliostrobus are from the Upper 
Cretaceous of India. 



157. — Cheirolepis Mvensleri. {A) 
Outer surface of couo scale. {B) Inner sur- 
face showing two ovules. ((’) longitudinal 
section to one side of median line showing 
bract (hr), scale («c), and ovule and epima- 
tium (ep). {After Hirmcr.) 


Cephalotaxaceae 

The history of this small family consisting of the genera Cephalotaxus 
and Amentotaxus is not precisely known. Nevertheless, such appiellations 
as Cephalotaxopsis^ Cephalotaxites, and Cephalotaxospermum have been 
applied to foliage and seeds resembling those of the modem genus. 
Cephalotaxopsis magnifolia is abundant in the Patuxent (lowermost 
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Cretaceous) of Virginia, and it has been found in beds of similar age in 
South Dakota, California, and Alaska. Cepfialotaxopsis occurs in the 
Upper Cretaceous of the Yukon Valley of Alaska. 

Foliage identical in appearance and epidermal structure with that of 
Amentotaxm has been found in the Tertiary of Germany, and material 
showing only the form of the leaf occurs in the Eocene La Porte flora of 
California. 


Pina(u:ak 

This large family of gymnosperms has a long history that if perfectly 
understood would probably extend into the earlier stages of the Me sozoic, 
but it is not until the late Jurassic or early (''retaceous formations are 
reached that the more typical members show delinitc^ evidence of ha ving 
become completely segregat'd from the transitional forms. To simplify 
presentation, the genera will be treat'd individually. 

The number of fossil species of pines that has be('n described 
probably exceeds two hundred. The names Pin us and Pinites havc^ 
been applied to remains as old as the Jurassic, but not until tlu^ Lower 
Cretaceous levels are reached do the determinations become reasonably 
certain. In 1904, Fliche and Zeiller described two cones, one undc'r the 
name Pinites sirobiliformis and the other as Pinus Sauvageiy from the 
Portlandian (uppermost Jurassic^ of France. Pinites strobiliformis is an 
elongate-oval object that somewhat resembles the cone of Pvius strobus. 
Pinus Sauvagei is a broader shorter cone. The authors make positive 
statements about the generic identity of these cones but their figures are 
not entirely convincing. Slender, needlelike leaves with a single vein 
extending the full length, and identified as Pinus Norderiskjoldi, have 
been found in the Jurassic of Oregon and California, but because none 
of them has been found in clusters their reference to Pinus is largely 
speculative. 

Pines cannot be said to be abundant in the Lower Cretaceous rocks 
although there is conclusive evidence that they existed at that time. 
Pinus vernonensisj from the Patapsco formation (upper Potomac) of 
Virginia and Maryland, consists of seeds and cone fragments. The 
cones are about 1.8 cm. in diameter and 7 cm. long. The seeds are 
elliptical bodies which, with the wing, vary from 5 to 15 mm. or more in 
length. The foliage of this species is unknown. Remains of Pinus have 
also been found in the Kome (Lower Cretaceous) of Greenland, in the 
Lakota of the Black Hills, and in the Kootenay of Western Canada. 
Several cones have been described from the Lower Cretaceous of Europe. 

Pines increase in frequency in the Upper Cretaceous and are widely 
distributed in the Tertiary. It seems, however, that during the early 
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Tertiary they were distributed mainly throughout regions of cooler 
climate. None has been reported from the Wilcox flora (Eocene) that 
bordered the Gulf of Mexico, and they are rare in the Green River and 
other formations of similar age. The Green River does, however, 
contain pollen of Pinus^ and a single leaf cluster with three needles has 
been described from this formation. In the Miocene and Pliocene, 
seeds, cones, and clusters of leaves are frequently encountered, although 
there is seldom much variety in any given locality. One of the most 
prolific localities for fossil pines is in the clays of the early Miocene 
Latah formation near Spokane, Washington, where four species have 



Ficj. 158. — {A) Finns coloradensis. Ovulate cone. Tertiary. Creecle, Colorado. ^2 
natural size. (/?) Abies lonuirostrias. Cone scale bearing long terminal bract. Tertiary. 
Creede, Colorado. Natural size. (C) Abies laticarpus. W'^inged seed. Trout Creek 
diatomite. Harney County, Oregon. Natural size. 

been named. The remains consist of needle clusters, seeds, and stam- 
iiiate cones. Three or four pines also occur in the Miocene Creede 
formation in central Colorado. One of these, Pinus coloradensis (Fig. 
158^4), consists of well-preserved cone imprints believed to represent the 
modern hard pine group. In the Great Basin area of the Western United 
States remains of pines are scattered throughout the middle and late 
Miocene and the Pliocene, although they are rare or nonexistent in the 
Eocene beds of the same regions. A Miocene pine of common occurrence 
is P. KnowUonij a three-needle form represented by foliage, seeds, and 
cones in the Payette, Mascall, Bridge Creek, Eagle Creek, and other 
floras in eastern Oregon and adjacent parts of Idaho. 

Prepinus is the name given by Jeffrey to a conifer with clusters of 
leaves borne on short shoots from the Raritan formation (lowermost 
Upper Cretaceous) at Kreischerville on Staten Island. Only the leaf- 
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bearing short shoots arc preserved, and the supporting branches are 
unknown. The short shoots are less than 1 cm. long, and they bear 20 
or more spirally disposed leaves. In cross section the leaves are polyg- 
onal, contain two lateral resin ducts, and have a single median mesarch 
vascular bundle, which is surrounded by a complex system of transfusion 
tissue. The mesophyll surrounds the bundle as in Recent pines but the 
photosynthctic cells lack the characteristic infolded walls. Prepinus is 
regarded as an ancestral form of the Pinaceae, and it may constitute a 
link between the pines, the cedars, and the larches. 

Little is known of the genus Abies previous to the Tertiary, although 
foliage from the Cretaceous is sometimes assigned to Abies and Ahietites. 
Because of the ease with which the cone scales become detached from 
the cone axis, well-preserved complete cones are rare. In the Tertiary, 
the Miocene in particular, the seeds and characteristic bracts are often 
found (Figs. 158R, and C). 

The genus Keteleeria^ at present restricted to China, has been recog- 
nized in the Pliocene of Germany, and also in the Latah formation at 
Spokane, Washington. At the latter place the material was originally 
mistaken for Potamogeton. Wood identified as probably Ketcleeria has 
been found in the Lower Cretaceous of Alberta. 

Psciidotsuga has been reported from the Tertiary of Europe, but the 
best preserved remains are probably those from the Miocene of Western 
North America. Seeds, cones, and foliage have been found in the 
diatomaceous earth and volcanic ash beds of eastern Oregon. 

The genus Tsuga appears to have been widely distributed throughout 
Europe during the Tertiary, but there are few references to it from 
North America. Wodehouse has identified pollen of this genus in the 
Green River shales of Colorado. 

Remains resembling Picea occur in the Lower Cretaceous of Belgium. 
Needles and seeds are widely scattered throughout Tertiary rocks, and 
have been found in abundance at a number of places in the Miocene of 
Western North America. The names Piceoxylon and Protopiceoxylon 
have been applied to woods ranging from the Jurassic to Recent, but they 
are not necessarily all related to the modern genus. 

Fossil records of Larix are meager. In North America the genus has 
been reported only from the Pleistocene, and in Europe our knowledge 
of it is equally scant. Remains superficially resembling the leafy shoots 
of Larix or Cedrus and described under the form genus Pityocladus have 
been found in the Jurassic. 

Cedrics is difficult to distinguish from Larix in the fossil condition. 
Wood showing characteristic pitting of Cedrus has recently been recog- 
nized in the Auriferous gravels of Miocene age in California. Cones 



THE ANCIENT CONIFERS 


319 


(Cedrostrobus) resembling those of Cedrus are known from several places 
in Europe and range in age from Lower Cretaceous to Tertiary. Wood 
showing the characteristics of Cedrus but probably belonging to a variety 
of other conifers is often described as Cedroxylon. Cedroxylon ranges 
from the Triassic to the Recent. 

Literature dealing with the fossil Pinaceae usually contains descrip- 
tions of form genera or organ genera which refer to detached foliage, 
leafy shoots, cones, cone scales, or seeds, which range from the late 
Triassic to the Tertiary. The use of these various generic designations 
is far from being consistent, with some authors applying them broadly 
and others restricting them to a few forms. Pinites, for example, was 
proposed long ago by Endlicher for leaves and cones allied to Finns, 
Abies, Lnrix, and Picca. Seward, on the other hand, applies the name 
Pin lies only to types which appear definitely related to Pinus, and 
suggests the nam(^ Pityites ‘4or Abietineous fossils which cannot with 
confidence be referred to a more precise position. Pinites has in th(‘ 
past been widely used for fossil coniferous wood regardless of its exact 
affinities, but more recently the use of the name Piiyoxylon has become 
customary for woods resembling the pines and other members of the 
Pinaceae. Other names that have been proposed for the various organs 
in the detached condition are Pityanthus for staminate cones, Pityostrobus 
for seed cones, Pityolepis for cone scales, Pityospermum for seeds, Pityocla- 
dus for leafy shoots, Pityophylhim for unattached leaves, and Pityosporites 
for pollen. These terms are frequently useful from a nomenclatorial 
standpoint for placing on record plant parts believed to be related to 
the Pinaceae, but they signify little or nothing concerning affinities with 
modern genera. 

It is beyond the scope of this book to mention and describe the various 
types of wood that have been assigned to the Pinaceae. The interpreta- 
tions are often uncertain because many of them belong to the transition 
conifers, some fourteen of which have been named and described during 
the past three decades. In describing these intermediate forms stress 
has been placed upon those characteristics which bear upon the con- 
troversial matter of the relative antiquity of the Pinaceae and the 
Araucariaceae, but the results have for the most part tended to increase 
the confusion rather than to clarify the situation. Identical sets of 
facts are sometimes used by different authors in support of opposite 
theories. 

A simplified classification of fossil abietinean woods was recently 
offered by Bailey who proposes three form genera as follows: 

1. Pinuxylon, for woods that fall within the range of structural 
variability of Pinus. 
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2. PiceoxyloUj for woods that fall within the range of structural 
variability of Picea, Larix, and Pseudotsuga. 

3. Cedroxylon^ for those woods which should be included within the 
structural range of Keteleeria, Pseudolarix, Ccdrus, Tsuga, and Abies. 
This group would contain a number of the so-called ‘transition’’ conifers 
such as Planoxylon, Pinoxylo7i, Protopiceoxylon^ Thalloxylon, Protoccd- 
roxylotij AraucariopitySj and Meiacupressinoxylon, This classification is 
admittedly artificial but has the advantage of simplicity. Regardless of 
the fact that the range of structural variability in somc^ of th(^ living 
genera may be wide, the proposed classification reduces to a reasonable 
number the list of generic categories with which one has to deal. 

Taxodiaceae 

The members of this large and diversified family hav(^ a \'aried 
history, and as with the other families of the Coniferales, the fossil 
representatives are often confused and misinterpn'ted. 

The name Elatides has been used for Mesozoic coniferous remains 
bearing spirally arranged falcate leaves and small cones externally 
resembling those of some species of the Pinaceae. The resemblance of 
the vegetative twigs to Araucaria is, however, deceptive, and the affinities 
of the genus are now believed to be with the Taxodiaceae. 

Probably the best known species of Elatides is Elatides Williamsonis^ 
from the Middle Jurassic Gristhorpe plant bed in Yorkshire. It is 
the oldest kno^vn member of the Taxodiaceae. The stiff angular needle 
like leaves arise from dccurrcnt bases beyond which they bend away 
from the stem, and then near the tips they bend forward again. The 
stomata form bands on the two abaxial faces. The abaxial surfaces 
are without stomata, an unusual feature in a thick coniferous leaf. 
Within the bands the stomata are irregularly arranged. 

The staminate cones are sessile and borne in small clusters at the 
tips of leafy twigs. Mature specimens are about 23 mm. long and 5 mm. 
wide. The stamen consists of a stiff stalk bearing an expanded somewhat 
diamond-shaped head. Extending from the head toward the cone axis 
are three elongated pollen sacs, two of which lie parallel to the stalk and 
attached to it, the third lying below and between and attached to them 
but not to the stalk. 

The seed-bearing cones are terminal and range up to 6 cm. in length. 
Each cone scale consists of a stout stalk and an expanded terminal portion 
with a tapering apex, and near the juncture of the stalk and terminal 
part are as many as five ovules in an arched row. The oval seeds are 
about 2 mm. long and 1.4 mm. wide. 
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Elatides Williamsonis is believed to be closest to Cunninghamia, 
among Recent conifers although the vegetative shoots are intermediate in 
appearance between those of Sequoia gigantea and Cryptomeria japonica. 
The fused pollen sacs also invite comparisons with Sdadopitys, 

SciadopitySj the umbrella pine, is represented at present by one 
species in Japan. Several fossil species have been described, and if the 
material assigned to it is correctly interpreted, the genus extends to the 
Lower Jurassic. Sdadopitys Halid and S, Nathorsti are from the Juras- 
sic and Cretaceous of Greenland, and S. macrophylla has been described 
from the Middle Jurassic of Norway. S. scanica occurs in the Rhaetic 
of Sweden. The genus may be old as well as once having been widely 
distributed throughout the Northern Hemisphere. 

Th(i living se(iuoias are remarkable for their present limited distri- 
bution and for the large size of some of the trees, the latter fact rating 
them among the natural wonders of the world. As with most conifers, 
the early history of the sequoias is beclouded in a maze of transitional 
forms. In rocks older than Miocene the remains tend to become confused 
with such genera as TaxuSj Taxodium, and others in which the arrange- 
ment of the leaves on the twigs presents a distichous effect. Fossils of 
the Sequoia sempervirens type are often indistinguisable from Taxodium 
distichum if the cones arc absent. The confusion between the fossil 
members of these genera is well illustrated by such names as Taxodioxylon 
sequoianum for Tertiary wood which, as far as the affinities are revealed 
by the structure, might belong to either Sequoia or Taxodium, 

The sequoias were probably in existence by the middle of the Mesozoic 
era although the oldest fossil to be assigned to that genus with any degree 
of probability is a small cone named Sequoia prohlematica from the Port- 
landian (late Jurassic) of France. However, it is quite probable that 
some of the older shoots of the Elatodadus category from the Rhaetic 
and Liassic may ultimately prove to be early sequoias. 

. In the Potomac and Kootenai series of the Lower Cretaceous there 
are at least six foliage and cone types that have been assigned to Sequoia 
although the identification of many of the fragments is open to grave 
doubt. Probably a more satisfactory example of a Lower Cretaceous 
Sequoia is a petrified wood fragment from the Lower Greensand of thv^ 
Isle of Wight which shows a close resemblance to S, gigantea. Numerous 
fragments believed to be Sequoia occur in the early Upper Cretaceous 
Raritan and Magothy formations of the Atlantic coastal plain and in 
formations of similar age along the Gulf of Mexico. In the Dakota sand- 
stone of Kansas, Iowa, and Minnesota there are remains of undoubted 
sequoias, but probably the most significant discoveries within this period 
have been made in the Patoot series of Western Greenland. A number of 
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conifers have been found in these beds of which the commonest is Sequoia 

condnnaj a form with slender branchlets bear- 
ing straight or slightly curved, decurrent, 
acuminate leaves. The oval cones measure 
about 20 by 23 mm. (Fig. 159). It is probably 
related to S. gigantea. 

The most widely distributed Tertiary 
Sequoia is S. Langsdorfii (Fig. IGO), which is 
not essentially different from the living coast 
redwood, S. sempervirens. The type of tree 
designated by these two names has at one time 
or other inhabited most of the Northern 
Hemisphere, including the Artie regions, but 
there is no evidence that it ever existed simul- 
tanc'oushv throughout all this vast area. In 
North America at least, where the Tertiary 
history of this species has been studied in con- 
siderable detail, it has migrated according to 
changing climatic conditions. S. sempervirens 
occurs at present in regions of ample rainfall, fn'ciuent fogs, and rela- 
tively moderate winter tempera- 
tures. S, Langsdorfii existed in 
Alaska and Greenland during the 
early Tertiary (Eocene) at which 
time the area it now occupies was 
covered with subtropical forests. 

It probably extended farther 
south in the central part of the 
continent than it did along the 
coast. By early Miocene time it 
had migrated southward along the 
Pacific Coast to its present lati- 
tude but it extended inland for 
several hundred miles, at least as 
far as the Rocky Mountains and 
maybe farther. In the Bridge 
Creek flora of central Oregon a 
typical redwood association exists 
in which S. Langsdorfii occurs 
\vith such hardwood types as 
Alnus, LithocarpuSj and Umhellvr 
laria. By the end of the Miocene epoch, however, the rising Cascade 



Fig. 160 . — Sequoia Langsdorfii, Oligocene. 
Bridge Creek, Oregon. Natural size. 



Fig. 159. — Sequoia 
Reichenhachi. The probable 
cone of S. coricinna. Kome 
series. Lower Cretaceou.s. 
Greenland. (After Heer.) 
X about 2. 
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Range had so reduced the rainfall to the eastward that the redwoods 
were able to survive only along the coast where they have since per- 
sisted. In Europe, due to the coldness accompanying the Pleistocene 
glaciation, the redwoods were entirely eliminated from that continent. 

At many places, notably at Florissant, Colorado, the Yellowstone^ 
National Park, and near Calistoga, California, there are numerous 
silicified trunks of sequoias that approach the living trees in size. At 
Florissant one standing trunk {Sequoioxylon Pearsallit) is 10 feet high and 
17 ) 2 diameter at about the original ground surface. S. magnifica 

of the Yellowstone National Park was about the same size, and some of 
th(^ trunks still stand to a height of 30 feet. It is believed that S. mag- 
nified is the trunk which bore the foliage called S. Langsdorjn, The 
trunks at Calistoga are similarly large but were buried in a prostrate 
])ositi()n beneath a thick layer of Pliocene ash. The largest trunk is 
120 feet long with a mean diameter of 8 feet. Another specimen at the 
same place is 12 feet in diameter and 80 feet long. Although not of 
the greatc^st diameter these are pro]:)ably the most massive fossil trunks 
kno\\'n, rivaling even the huge logs of Araacarioxylori arizonicum of the 
Petrified Forest National Alonument. 

Taxodium is abundant in the Tertiary of North America, Europe, 
and Asia, although it is frequently confused in the fossil state with 
Sequoia, Wood referred to as Taxodioxylon is similar to Cupressirioxylon 
and rang(\s from the Jurassic to Recent. Taxodmm wood can be distin- 
guished from Sequoia only by the presence in the latter of traumatic 
resin canals. Taxodium dubium (Fig. 161 A) is probably the most 
wid(Jy distributed Taxodium species in North America, as it occurs in 
the early and middle Tertiary of Alaska, Washington, Oregon, British 
Columbia, Tennessee, Virginia, and other places. Exceptionally well- 
preserved twig compressions are found in the Latah formation at Spokane, 
Washington. T. distichum^ the Recent species, has been reported several 
times from the Oligocene and the late Tertiary. At present it occurs 
mainly along Atlantic and Gulf Coast regions, but it once existed in 
British Columbia. 

Glyptostrobus is represented in the Recent flora by a single species 
growing along the coast of Southeastern China. Remains doubtfully 
belonging to Glyptostrobus have been recorded from the Lower Cretaceous 
of Greenland. It has been reported from beds as late as Pliocene in 
Europe but the determinations are questionable. Since the Pliocene it 
seems to have confined itself to its restricted range in China. Glyptostro- 
bus has been recognized several times in North America, the three best 
known species being (?. dakotensis based upon cone scales from the Fort 
Union (Eocene) beds of North Dakota, G. oregonensis consisting of twigs 
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with cones from the Miocene of Oregon, andG. europaeus (Fig. 1615), 
from several Tertiary localities. 

Cryptomeria is sparsely represented in the fossil record, but has 
been reported from the Tertiary of Great Britain and the Upper Creta- 
ceous of Japan. Because of its resemblance to Araucaria excelsa it 
has probably been overlooked at other places. 

Arihrotaxis has been recorded from the Lower Cretaceous of Pata- 
gonia, but otherwise little is known of the history of this genus. Material 



Fig. 161. — (A) Taxodium diibium, Latah formation. Spokane, Wasliington. Nat- 
ural size. (B) Glyptostrohus europaeus. Tertiary. Cripple Creek, Colorado. Natural 
size. 

described as Arihrotaxis from Bohemia and other places north of the 
equator is of questionable affinity. 

Equally obscure is the history of the genus Cunninghamiaj although 
a cone named Cunninghamiostrobus yvbarensis from the Upper Cretaceous 
of Japan, resembles the living genus. Leafy branches assigned to 
Cunninghamites are found in rocks as old as the Low'er Jurassic, but 
most of them should be referred to the form genus Elatocladus until 
their affinities are more accurately determined. They furnish no reliable 
data concerning the age of the genus. Pollen of Cunninghamia occurs in 
the Green River shales of Colorado and Utah. 
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CUPRESSACEAE 

This family is for the most part a rather recent one although wood 
referable to Cupressinoxylon occurs in the Jurassic and formations of 
later age, Cupressinoxylon, however, embraces woods belonging to 
many genera, including some of the transition conifers. In Cupressin- 
oxylori resin canals arc absent except in wounded areas (as in Sequoia j) 
and xylem parenchyma occurs scattered throughout the annual growth 
layers. It is a form genus with structure similar to Cedroxylon, Sequoi- 
oxylorij and TaxodioxyloUj and its generic limits are variously set by 
different authors. As with other woods bearing the name of a living 
genus as a prefix, mere citation is not dependable evidence of the existence 
of the genus of which the name serves as the root \\'ord. Cupressinoxylon 
lamarense, from the Yellowstone National Park, shows some points of 
resemblance to the Taxaceae. 

Callitris has been found in the Upper Cretaceous and Tertiary of 
Europe. The characteristic winged seeds, described as Callitris poi- 
lachensis, have been found in the Latah formation of Idaho, but the 
determinations arc unsupported by recognizable vegetative remains. 

Thujiopsis is not known in North America but vegetative material 
has been found in the Tertiary of a few localities in other continents. 
Thuja occurs throughout the Upper Cretaceous of the Atlantic coastal 
plain and has been recognized at several places in the Tertiary of the 
Western United States and in British Columbia. Leafy twigs called 
Thujites sp. come from the Latah formation, and Thuja interrupta is 
abundant in the Fort Union and other beds of similar age. 

The history of Libocedrus is not well known although it has been 
reported from the Miocene of France and the Oligocene of Germany and 
Italy. It is also found in the Pliocene of Western North America. 

Satisfactory accounts of Cupressus are rare. A cone, Cupressus 
preforhesiiy was found in the Pliocene of California. The genus has been 
reported several times from the Tertiary of Europe. Remains commonly 
designated as Cupressites and Cupressinocladus are difficult to distin- 
guish in most instances from foliage compressions of Libocedrus, Thuja, 
and Juniperus, 

Juniperus is thought to be an important constituent of the Miocene 
lignites of Germany. Wood fragments from these deposits are referred 
to as Juniperoxylon. Vegetative twigs of Juniperus are frequent in the 
Tertiary of both Eastern and Western North America. Until recently 
Chamaecyparis was unknowm in beds older than Pliocene, but it has 
lately been reported from the Miocene of California. 
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Some Mesozoic Conifers of Uncertain Affinity 

Many, in fact probably most, of the coniferous types found in the 
Mesozoic rocks are difficult to classify in a completely satisfactory 
manner. Intermediate forms are especially prevalent in the Triassic 
and Jurassic, and it is not until the later series are approacdied that 
material can be assigned to modern families and genera with reasonable^ 
facility. The difficulties encountered in the older forms arise mainly 
from the fact that they belong for the most })art to transitional types in 
which the essential characteristics of modern genei*a are not distinctly 



Fig. 1G2. — Elatodadus eleyans. Upper Cretaceou,^. Judith Uiver, Montana, Natural 

size. 

segregated. It has been pointed out that in genera like Woodworthiay 
a Triassic genus, the wood is essentiall}^ araucarian but the included 
short shoots suggest affinity with the pine family. In AraucariopitySj 
abietinean and araucarian features are exhibited in the pitting, and the 
leafy shoots called Elatides bear araucarian foliage along with cones of a 
different type. These are but a few of the examples that could be cited. 
If these ancient conifers which at present evade attempts at permanent 
classification are ever found more completely preserved, many of them 
will find their places in or near modern families, but others will have to 
be referred to families having no Recent representatives. No attempt is 
made here to give a comprehensive account of all the fossil conifers of 
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uncertain position, but reference is made to a few of those most frequently 
encountered in the literature. 

Elatocladus (Fig. 162) was proposed by Halle as a comprehensive 
genus for sterile coniferous shoots that cannot be otherwise satisfactorily 
assigned, and the name is used when it is undesirable to give implications 
of affinity. Many fossil conifers originally assigned to Taxites because 
of the seemingly distichous arrangement of the leaves on the twigs can 
be placed in Elatocladus if it is desirable to disassociate them with the 
Taxaceae and at the same time avoid the suggestion of affinity with 



Fig. 163 . — Podozamiies lanceolatus. Jurassic, New South Wales. Slightly reduced. 


any other family. Usage of the name has i^aried considerably as with 
most form genera. Some authors apply it broadly whereas others use 
it only for forms that cannot be included in any other generic group, 
either natural or artificial. 

Podozamites (Fig. 163) was originally instituted for leaves believed to 
belong to cycadophytes. The leafy twigs resemble pinnate fronds with 
long leaflets having parallel or slightly spreading veins. Their coniferous 
affinities were discovered by the Swedish paleobotanist Nathorst who 
observed that the supposed pinnae of some of the species are spirally 
arranged showing the supposed frond to be a leafy shoot. Moreover, the 
individual leaves are frequently deciduous and are often found detached 
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from the stems on which they grew. Podozamites cannot be placed 
within any particular family, and like ElatocladuSy is a form genus. 
Some forms resemble Nageiopsis. Certain authors have considered the 
genus intermediate between the cycadophytes and conifers. 

Cycadocarpidium is a seed-bearing fructification 
often associated with Podozamites and believed to 
belong to certain species of it. The organ consists 
of an ovate sporophyll with converging longitudinal 
veins borne on a slender stalk, and at the base of the 
lamina portion are two lateral bractlike projections 
that bear a single seed each. The sporophylls are 
produced in cones. The best known species are 
Cycadocarpidium Erdmannii (Fig. 104), and C. Swahi, 
both from the Rhaetic of Eastern Greenland and 
Western Europe. 

Swedenborgia is another coniferous fructification 
often associated with Podozamites and other conifers, 
but its foliage is unknown. The cone bore spirally 
arranged cone scales, each consisting of a slender stalk 
and five rigid distal lobes. A small bractlike scale 
projects outward from the stalk and ends in a con- 
cavity on the lower side of the scale. Each of 
the five lobes of the scale appears to have borne a single inverted ovule 
in which the micropyle faced the cone axis. 

PHYLOGENY OF THE CONIFERS 

The problem of deciphering the phylogeny and the geologic history 
of the conifers has been muddled by a lack of unanimity of opinion on 
the. part of investigators as to which anatomical and morphological 
features are primitive and which are derived. This applies particularly 
to the Araucariaceae and the Pinaceae (Abietineae), and the rather 
curious situation has developed whereby identical sets of facts have 
been put forth in support of opposite interpretations. Because of certain 
obvious similarities in the structure of the secondary wood of Araucaria 
and CordaiteSy a close connection between the two has long been assumed 
and Araucaria was looked upon as the most ancient of living conifers. 
The supposition that the araucarian line extends in almost unbroken 
sequence from the Paleozoic to the Recent has been kept alive partly 
by the somewhat arbitrary application of the name Araucarioxylon to 
Mesozoic gymnospermous woods that resemble both Araucaria and 
Cordaites, However, it must be borne in mind that none of the early 



Fig. lt)4. — Cyca^ 
docarpidium Erdt» 
manni. Mega- 
sporophyll bearing 
two seeds. {After 
NcUhorst.) 
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Mesozoic species of Araucarioxylon have been found with cones or foliage 
attached, and their affinities are subject to reconsideration at any time. 

Opposed to the widely held theory of the antiquity of the araucarian 
conifers is the view briefly discussed earlier in this chapter, and sponsored 
mainly by Jeffrey, that the abietinean line is both more primitive and 
more ancient. Some of the arguments set forth in support of this 
premise seem rather dogmatic but the essential ones are as follows. 
First, the pitting in the xylem of an araucarian seedling is of the pine 
type. The pits are in a single row on the tracheid walls and well spaced, 
as opposed to the crowded pitting in the later formed xylem. The 
condition in the seedling is assumed by the advocates of this theory to 
reveal the ancestral form. Second, the pits in the cone axis of Araucaria 
are often separated by bars of Sanio, or crassulae, structures that occur 
regularly in the stem wood of pines and related genera. These two 
characteristics are regarded by proponents of abietinean affinity as 
ancestral, that is, their presence in the seedling and cone axis is inter- 
preted as proof that they are vestigial structures held over from ancestral 
forms in whieJi they were generally distributed throughout the plant 
body as in the Pinaceae. The weakness of this argument lies in the 
uncertainty whether the type of pitting in the seedling and the occurrence 
of crassulae in the cone axis are features held over from original forms 
or whether they might have arisen independently as a direct response to 
certain physiological reciuirements. There is no proof that the latter is 
not the case, and, in fact, the identical structure of the mature vegetative 
stem is hardly to be expected in the very limited amount of tissues in 
the seedling and the cone axis. A third argument advanced in favor of 
the antiquity of the abietinean line is that the transition conifers of the 
Mesozoic show the characters of the two families combined. Arau- 
carioxylon novebor accuse y for example, from the Cretaceous Raritan 
formation, has resin cells of the abietinean type in association with 
wood that is otherwise araucarian. Ray tracheids have been found in 
still other species of Araucarioxylon, and occasionally pinelike pitting is 
present in the first annual ring. Traumatic resin canals have been 
found in others, a feature recalling Sequoia, Two misleading reports of 
pinelike conifers in the Carboniferous are mentioned earlier in this 
chapter. 

It is obviously impossible in view of the contradictory and equivocal 
nature of the evidence furnished by the transition conifers to seUle the 
question of the relative antiquity of the Araucariaceae and the Pinaceae. 
Data contributing to an ultimate solution may be forthcoming when 
these intermediate Mesozoic forms are more thoroughly investigated 
with the view of determining the exact course followed by certain devel- 
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opmental lines that began in the Paleozoic. It seems almost certain, 
however, that the whole problem should be approached from a slightly 
different angle. One of the prime difficulties has always been that the 
investigators were preoccupied with the notion that one or other of th(^ 
two groups under consideration is older than and ancestral to the other 
and that the remaining one is its derivative. It would be more reasonable 
to admit the possibility that both are ancient and both sprang from more 
primitive ancestral forms and that one is not necessarily the offshoot of 
the other. It seems that the transition conifers support this view rather 
than the other. The transition conifers are not a unified assemblage, 
but rather an artificial plexus of videly divergent forms that may have 
originated independently in the remote e])ochs of the Paleozoic. The 
later conifers are then the residue of this great Mesozoic complex from 
which many types have disappeared. 

On the basis of the assumption that the araucarians and abietineans 
both belong to ancient lines, it has been suggested that the former may 
extend back to the Upper Devonian and Lower Carboniferous Pityeae 
and the latter to the Cordaiteae. The Araucariaceae resemble the 
Pityeae in the possession of a relatively broad pith and in certain details 
of the leaf trace structure. Moreover the fl(‘shy leaf, or phyllode, of 
Pitys Dayi bears a closer resemblance to the araucarian leaf than to 
that of any other conifer, and the assumed habit of Callixylon finds a 
close parallel in almost any araucarian species. However, the fructi- 
fications of the Pityeae, which arc at present entirely unknown, will 
have to be discovered before much more can be said in support of an 
alliance between the two groups. 

In the chapter on the Cordaitales mention was made of a possible 
homology between the cordaitean inflorescence and the abietinean cone, 
and now it may be pointed out that certain of the Paleozoic conifers, 
namely, Lehachia, Ernestiodendron, and Pseudovolfzia reveal a series of 
intermediate stages through which the abietinean cone scale might have 
been derived. It is postulated that by a series of evolutionary changes 
involving elimination of some of the sterile appendages and in some 
cases a reduction in the number of ovules, some of which underwent a 
change in position, the dwarf shoot of the cordaitean inflorescence became 
transformed into the abietinean cone scale. The possible evolutionary 
sequence may be outlined as follows: 

The cordaitean inflorescence as it is now understood consists of a 
slender axis bearing rather distantly placed slender-pointed bracts prob- 
ably in a modified whorl. In the axil of each bract is a dwarf shoot 
that bears in spiral arrangement two or more fertile and several sterile 
bracts in close order. The short shoot with its bracts is therefore the 
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strobilus. In Lebachia piniformis the inflorescence is similarly con- 
structed but the number of fertile stalks (seed or pollen sac stalks) has 
been reduced to one per strobilus. Then in Ernestiodendroji fiUciformey 
the axillary dwarf shoot is a fan-shaped object three-1 obed at the apex, 
and each lobe bears a single seed on the adaxial side. In Pseudovoltzia 
Lieheana there is in the axil of each bract on the inflorescence axis a 
flattened flve-lobed dwarf shoot that bears two or three inverted ovules 
on the adaxial side. Then in Ullmannia Bronnii the number of ovules 
is reduced to one. The homology suggested by this series of late Pale- 
ozoic conifers is that the individual cone scale and seed is the equivalent 
of the cordaitean dwarf shoot and its appendages, and that the bracts 
subtending the cone scab's of the Pinaceae are identical with the bract 
of the cordaitean inflorescence. The ovules, whether there be one or 
more, became inverted in PseudovoUziay and they have remained in this 
position in all the later forms. In some modern genera, the bracts 
subtending the short shoots have disappeared or have become fused 
with the seed scales. 

If the interpretation just given of the homology between the cordaitean 
inflorescence and the abictinean cone is supported by future discoveries, 
we may consider the phyletic relationship of the Cordaitcae and the 
I^inaceae Avell established. There arc, however, certain matters that 
will require further investigation, one being the prevailingly araucarian 
type of wood in the Cordaiteae and the Pityeae. Then there is the 
matter of the foliage. How did the long strap-shaped leaf become 
transformed into the needle of the pine or any of the other members of 
the Pinaceae? The suggested phylogeny may fail to stand for lack of 
more adequate proof, and the series just described may be the result 
of parallel development. However, it may be confidently assumed that 
the Cordaiteae have played an important role in tli^ evolution of the 
higher gymnosperms at some stage of the process. 
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CHAPTER XIII 

ANCIENT FLOWERING PLANTS 


The relatively small amount of space allotted to the fossil angiosperms 
in this book may seem disproportionate to the position occupied by the 
flowering plants in the world today. Therefore it seems advisable to 
give an explanation for such brevity. In the first place any account of 
the flowering plants in whi(;h they are treated as fully as other groups 
would gn^atly enlarge the volume. Secondly, the nature of the subject 
matter itsc'lf is not such that it integrates well with the manner of pre- 
sentation of the other groups. Regardless of the voluminous literature 
on the fossil angiosperms, the history of the group is too short to enable* 
us to approach it with the same objectivity with which we view the 
lower groups siudi as the l 3 ^copods, the ferns, or the cycadophytes. The 
flowering plants are probably still in the initial stages of their expansion,^ 
henc(^ developmental trends are not clearly expressed in the fossil series. 
C'oupled with this difficulty in interpreting their evolutionaiy status is. 
the natures of the fossil n^cord itself, which consists mainl}" of wood and 
impressions of leaves and leaf fragments with only a sprinkling of seeds 
and fruits to aid in their determination. Thousands of angiosperm 
species have been named on the basis of foliar remains, but errors in 
generic and specific assignments are so prevalent, especially in the older 
works, that the value of a large proportion of them is practically nil. 
Careful studies within the last two decades, in which more attention has 
been paid to the range of variation yf the leaves within species of living 
plants and to the natural associates ^f Recent genera and species, have 
resulted in considerable clarification of certain phases of the geologic 
history of the angiosperms, but the subject is so vast that it will be 
many years before we are in possession of accurate data sufficient to 
give a comprehensive view of any major portion of the group. 

One of the most remarkable phenomena in biological evolutionary 
history is the rapidity Avith which the angiosp* rms arose to a position 
of dominance in the plant world during the latter part of the Mesozoic 
era. Many explanations have been offered but none are wholly accept- 
able. The problem is not a recent one because as early as 1879 Darwin 
is said to have written to Hooker, ‘^The rapid development, so far as 
we can judge, of all the higher plants within Recent geological time is an 
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abominable mystery. I would like to see the whole problem solved.’' 
Since Darwin’s time the number of fossil angiosperms that have been 
brought to light has increased many times, but as to their origin, the 
same deep mystery remains. /It seems almost certain, however, that 
the angiosperms have had a longer and more extensive pre-Cretaceous 
history than so far has been revealed by the fossil record and that the 
scarcity of fossils is due to their predominatingly upland habits where 
the remains were not readily buried and preserved. It has been pointed 
out in connection with other plant groups that they are seldom well 
represented in the fossil series until they had become firmly established 
as elements of the flora, and in most cases in habitats not too remote 
from swamps or other bodies of water where preservation of large quan- 
tities of parts was possible. These ecological considerations, on the 
other hand, do not fully explain the sudden (though probably more 
apparent than real) rise to a place of dominance of the angiosperms 
during the Cretaceous because the oldest angiosperms known to us with 
certainty are water lilies, not remains brought in by accidtuit from the 
uplands, v t And then, in the late Cretaceous and Tertiary deposits, upland 
species are often preserved in considerable numbers. Our paucity of 
knowledge of pre-Cretaceous angiosperms indicates that they were sub- 
ordinate to gymnosperms as concerns numbers of both species and 
individuals. * 

Not only are plant evolutionists at a loss to explain the seemingly 
abrupt rise of the flowering plants to a place of dominance, but theii* 
origin is likewise a mystery. It is hypothetically assumed that the 
angiosperm line took shape at some unknown time during the Mesozoic 
era, and all the naked-seeded groups (the pteridosperms, the Cordaitales, 
the conifers, the cycadophytes, the Gnetales) and even the ferns, have at 
times been proposed by various authors as the possible precursors of 
the flowering plants. The gross result of these postulations, however, 
has been to stress our ignorance of the subject more than anything else. 

The question may very reasonably and pertinently be asked, Since- 
the flowering plants are so prominently displayed in the rocks of the 
late Cretaceous and Tertiary, why are we so ignorant of their origin and 
evolution?” J Several reasons may be given, but the essential one is 
that we know of no series of fossil forms connecting the flowering plants 
with lower groups. Considerable attention has been centered on the 
cycadeoid fructification and its resemblance to the flower of Magnolia, 
Without going into detail, it suffices to say that the cycadeoids cannot 
be looked upon as the progenitors of the angiosperm class. Granted 
they could be, the question of recognizing the intermediate stages would 
remain. It a long stride from the gymnospermous ovule of Cycadeoidea 
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to the carpel-enclosed seed of any flowering plant, or from the cycadophy- 
tic frond to the magnoliaceous leaf. The cycadeoids are a highly 
specialized order of plants that in all probability lacked the plasticity 
required to undergo the further changes necessary to give rise to such a 
diversified plexus as the flowering plants. Arber and Parkin, writing in 
1907, attempted to supply a missing link with the hypothetical ^^Hemi- 
angiospermae'^ in which the fructifications were built according to the 
cycadeoid flower.” This fructification is alleged to have possessed a 
primitive perianth of spirally arranged parts and an androecium of 
numerous stamens in similar sequence. The carpels were open leaflike 
structures with marginal megasporangia and were seated upon a dome- 
shaped receptacle. Were there any proof that a fruqtification of this 
type ever existed, it would possess vast evolutionary significance. How- 
ever, workable phylogenics cannot be built upon forms that exist only 
in the mind. I 

I With the discovery a few years ago of the Middle Jurassic Caytoniales, 
hopes ran high of bringing some light to bear upon the question of 
angiosperm origin. However, continued investigations finally showed 
undoubted affinity with the pteridospcrms, and they are now classified 
as Mesozoic remnants of that group. The gap between the Caytoniales 
and the flowering plants is probably as great as that between any of 
the other vascular plants and the angiosperms. t 

:In looking for possible ancestors of the flowering plants, attention 
has long been directed toward the Magnoliaceae because of the consider- 
able number of primitive characters that converge within that family. 
In the magnoliaceous flower the sepals and petals are numerous, large, 
and often colored alike. The numerous stamens are spirally arranged, 
and the separate carpels are in spirals on an elongated conelike receptacle. 
In the secondary xylem the vessels are predominantly of the scalariform 
type, and the pitting on the walls of the vessels and wood fibers is scalari- 
form. Primitiveness of a slightly lesser c^ree is also expressed in the 
llanunculaceae, Nymphaeaceae, and Calycanthaceae. The assumption 
that these families are of ancient lineage is supported to some extent by 
the fossil record, but comparative studies of the living members of these 
families furnish the best evidence of their primitive character, j 

Another family of importance in angiosperm evolution, but of which 
our knowledge of its geologic history is meager, is the Winteraceae, a 
family' restricted at present to the Australasian area and Mexico and 
South America. The family embraces the six genera Belliolumy Bubbiay 
Drimys, Exospermuniy Psevdowinteray and Zygogynum. These are placed 
by some authors in the Magnoliaceae, but their relation to this family 
is remote. They all agree in having vesselless xylem, a feature shared 
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by the two magnoliaceous genera 7'rochodendron and Tetracentroriy but 
as regards both vegetative and floral structures they are less spe- 
cialized than the Magnoliaceae. Whether they are more ancient is 
quite unknown. 

, A family in which a very primitive condition is revealed by the pistil 

of the flower is the Degeneriaceae, 
a monotypic family inhabiting the 
Fiji Islands. In this flower the 
gynoecium c.onsists of one pistil of 
one carpel, whic.hisbasally attached 
and with three vascular bundles. 
The carpel is folded in a condupli- 
cate manner to enclose the ovules, 
which are not marginal but on the 
ventral (adaxial) surface well away 
from the margin. There is no 
style, but a stigmatic surface ex- 
t(mds along each lateral margin 
of the carpel where the edges come 
in contact. These edges are not 
fused, and in the young condition 
they are even separated to a slight 
extent. This is probably the closest approach to gymnospermy known 
among the true flowering plants. 

As with most of the other plant groups, the exact place in the geologic 
sequence at which the angiosperms can be first recognized is uncertain. 
It can be definitely stated, however, that all references in the literature 
to angiospermous plants in the Paleozoic can be set aside. Either the 
formations were wrongly determined or the identification of the plants 
was at fault. The oldest plant known to science that bears any undis- 
putable resemblance to an angiosperm is Furcula granulifera (Fig. 165) 
discovered by Harris a few years ago in the Rhaetic (late Triassic) rocks 
of Eastern Greenland. The leaves of this plant are 7 to 15 cm. long and 
6 to 8 mm. broad and are usually forked at about the middle. The 
petiole is short and the apex is usually acute. The leaf has a well- 
developed midrib and secondary veins which arise about 2 mm. apart 
and which pass directly toward the margin. These veins usually fork 
before the margin is reached. The veinlets form an irregular network 
between the larger veins, and small veinlets end free in the meshes. 
Numerous stomata of the dicotyledonous type are irregularly scattered 
and slightly sunken in the lower surface. This leaf is different from 
any other known in the older Mesozoic, and were it to be found in the 
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Cretaceous or Tertiary, it would be placed among the dicotyledons 
without the slightest hesitation. 

I An example of a possible Jurassic angiosperm is a piece of secondary 
wood, Homoxylon rajm>ahalensey from the Rajmahal Hills of India. 
Although its exact source is unknown, all evidence points to its Lower 
Jurassic age. The wood resembles that of a gymnosperm in that no 
vessels are present, but the tracheid walls bear a 
mixture of sc^alariform and circular pits as do the 
Winteraeeae and the homoxylous Magnoliaceae such 
as Trochodendron and Tetracentron. If the age of 
Homoxylon were to be proved Jurassic beyond all 
doubt, it would lend strong support to the assumed 
antiquity of these families. 

Probably the most positive evidence of the exist- 
(nice of pre-(.h'etaceous angiosperrns is ])ollen recently 
found in coal of Jurassic age in Scotland. These 
pollen grains b(^ar three longitudinal grooves like those 
of the nymphaeaceous genus Nclumbo. Accompany- 
ing them are also pollen grains resembling those of 
Casialia. 

The thn^c examples just given show at least that 
there were plants in existence during the Jurassic 
^vith angiosperm ous characteristics. The decipher- 
able history, ho^^'ever, of the flowering plants begins 
with the Lower Cretaceous, for it is not until this 
period that we find them extending in unbroken sequence to the present. 

/Some of the oldest undoubted angiosperrns have come from the 
Lower C'retaceous Kome beds of Western Greenland where flowering 
plants are represented by a few leaf impressions. One of them, Popuius 
primaeva (Fig. IGO), is probably the oldest leaf to be referred to a modern 
angiosperm genus. Only slightly, if at all younger, are the Potomac 
beds of Maryland, which contain the most extensive of known Lower 
Cretaceous angiosperm floras (Fig. 184). /Flowering plants in this flora 
are decidedly in the minority, with ferns, cycadophytes, and conifers in 
the lead. Within the Potomac formation an increasing number of 
angiosperm genera appear in passing from the lower to the higher beds. 
From the lowest, or Patuxent, about 100 species of plants have been 
identified, of which 6 appear to be angiosperrns. These have been 
given such generic designations as Ficophyllum, Qiiercophyllum, and 
J uglaridiphyllum in allusion to their resemblance to the living genera. 
In the succeeding bed, the Arundel, there is a small flora of about 30 
species, of which 5 are referred to angiosperm genera. In the Patapsco, 
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on the other hand, the flora of about 100 species contains about 25 
undoubted angiosperms, which is a remarkable increase over the preceding 
stages. A few of these may be assigned to such modern genera as Populus 
and Sassafras, although most of them are given names that merely 
recall the modern genera they most closely resemble. Examples are 
Nelumbites, Menispermites, Sapindopsis, and Celastrophyllum. At no 
place in the Lower Cretaceous do angiospermous types exceed 25 per 
cent of the species. 

Additional evidence of the existence of early Cn^taceous flowering 
plants is the occurrence in England of petrified wood in the Lower 
Greensand. About five genera of dicotyledonous woods that possess 
vessels and rays typical of living members have been (h'seribed. All 
available evidence, therefore, temds to show that although flowering 
plants were still in the minority during the Lower Cretaceous, they were, 
nevertheless, well established, and had been preceded by a long period of 
development. 

The very meager fossil record of the Lower Cretaceous angiosperms 
reveals a few significant facts. It shows that during these times flowering 
plants were well established in northern latitudes. Furthermore, the 
flora of the Cretaceous formations in Western Greenland suggests the 
possibility that the Arctic region may have served as a general distribution 
area from ^vhich species spread to other parts of the earth. Secondly, 
the early Cretaceous angiosperms indicate the antiquity (although not 
necessarily primitiveness) of certain families such as the Nymphaeaceae, 
Salicaceae, Ebenaceae, Menispermaceae, and others. Thirdly, the 
occurrence of undoubted monocotyledons in the early Cretaceous in 
direct association with dicotyledons shows that as far as the fossil 
sequence is concerned the two groups are of about equal antiquity, and 
that neither is noticeably of more recent origin than the other. 

It seems advisable to digress at this point and to comment upon some 
of the problems concerned in the interpretation of the remains of flowering 
plants. The fossil record of the angiosperms consists mostly of impres- 
sions of leaves, and the few fruits, seeds, and flowers present are seldom 
in organic connection with vegetative parts. Leaves, especially those 
which show a wide range of variation, are often difficult to identify 
correctly, and too often there has been a tendency to place normal 
variants in different species. For this reason the number of fossil 
species of such genera as Sassafras, Populus, Salix, Ficus, and Liriodevr 
dron, for example, may far exceed the number of actual species present 
in a given flora. Then, too, there has been a tendency to place too many 
forms within a comparatively few familiar genera. For example, the 
list of so-called ‘‘ species of Ficus from the Upper Cretaceous and 
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Cenozoic of North America includes more than 150 names. Those 
which may ultimately prove to belong to Ficus probably will not exceed 
10 per cent of this number. Likewise, the one hundred odd fossil species 
of Populus not only include leaves belonging to other genera (such as 
Cercidiphylluyn) but many variants of the same species. The tendency 
to multiply fossil species is especially prevalent when dealing with 
highly variable leaves such as Sassafras and Quercus. 

The difficulty and frequently the impossibility of making correct 
determination on leaves alone has resulted in a rather general feeling of 
distrust of pale obotani cal data among students of the Recent flora who 
rely mostly upon floral structures for criteria of affinity. Incorrect 
determinations of fossils may lead not only to erroneous ideas concerning 
the composition of a flora but will give inaccurate notions of the history 
of modern genera. Also, interpretations of past climates may be entirely 
wrong. Many of the earlier inv(\stigators of the Upper Oetaceous and 
Cenozoic floras, although placing the plants in modern genera, failed to 
take into consideration the important factor of the natural associations 
of these genera, with the result that the extinct floras were looked upon 
as composed of a heterogeneous conglomeration of ecologically unassoci- 
ated types. Furthermore, insufficient consideration was often given to 
seeds and fruits associated with the leaves. Even when not in organic 
union, a fruit or seed may constitute the reliable clue to the identity of 
a dominating leaf type in a flora. For example, certain leaves in the 
Miocene of Oregon and Washington were variously assigned to Sapindxis, 
RliuSj Ficus, and Apocynuyn, until the highly characteristic seeds of 
Cedrcla were found in abundance among them. Now the occurrence of 
Cedrela at certain localiti('s and in certain horizons is definitely estab- 
lished. In like manner some leaves that were once assigned to Populus, 
Zizyphus, Grewia, Paliurus, Cissus, and a number of other genera, have 
since been shown, because of associated seeds, to belong to Cercidiphyllum. 
These are but isolated examples chosen at random. It is hardly to be 
hoped that all or even most of the myriads of leaves occurring in the 
Upper Cretaceous and Tertiary rocks will ever be assigned to the correct 
genera. However, a few forms correctly placed are far more valuable as 
indicators of past climatic and other ecological factors than a multitude 
of wrongly identified specimens. When considered from all angles, 
the problem of elucidation of the angiosperm assemblages of the past 
is far from hopeless even though their identification must often contain 
a high percentage of errors. 

A discussion of the several floral assemblages of the Upper Cretaceous 
and Cenozoic would center largely around enumerations of lists consisting 
almost entirely of modern genera. The Upper Cretaceous can positively 
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be said to mark the beginning of modern plant life on the earth. The 
various climatic changes of the past, along with changes in altitude and 
surface characters, have at several times been strongly reflected in the 
floras, and recent studies of the floras have emphasized the assemblages 
in relation to possible environmental factors and to the distribution of 
genera now extant. One of the most remarkable of fossil floras is that- 
of Western Greenland, where in rocks of Upper Cretaceous and early 
Tertiary age a large flora of temperate aspect exists. A(;companying the 
plants are beds of coal, which prove not only that there was an an abun- 
dant plant growth but that humid swamp conditions also (\\ist(‘d. Thus 
we have direct floral cvideiK^e of marked climatic changes in the Arctic 
since early Tertiary times. 


MONOCOTYLEDONS 

I More than 25 families of monocotyledons have been recognized in 
the Cretaceous and Cenozoic deposits of North America. The largest 

groups are the Gramineac, which includes 
the grasses, and the Palmac(‘ae, or the palm 
family. Others that contain several repre- 
sentatives are the Cyperac^eae and the 
Araceae. The remaining families for the 
most part are known by single genera. 

Remains of monocotyledonous plants 
are always subordinate to those of thc^ 
dicotyledons. This does not indicate that 
monocotyledons did not exist in consider- 
able quantity during the late Cretaceous 
and the Cenozoic, but rather the paucity is 
explained on the basis of habitat. Many 
monocotyledons, especially those belonging 
to the grass family, inhabit the drier situa- 
tions where there is less chance of their 
entering into the fossil series. Then, too, 
being for the most part low-growing forms, 
the detached foliage is not so readily carried 
by wind. A number of aquatic monocoty-^ 
ledons find their way into the accumulating sediments of swamps and 
bogs. I Chief among these is Typha, the common cattail. Typha has 
been reported from the Magothy and Raritan (lower Upper Creta- 
ceous), and from most succeeding formations up to the Recent. 
Then there is occasional reference to PotamogetoUj Sagittaria^ A corns ^ and 
others. The occurrences of these types, however, is not especially 
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Fig. 167. — Caryopses of fossil 
grasses. (A) {B) {€) Berriochloa 
glabra, (A) Side view of lemma. 
(B) Ventral view of lemma with 
enclosed palea. (C) Basal view. 
All X 5. (D) {E) Panicum ele- 

gans, {D) Dorsal view of lemma. 
(E) Side view. X 12. Tertiary. 
Western Kansas. {After Elias,) 



ANCIENT FLOWERING PLANTS 


341 


important as the identifications are often uncertain, and, moreover, their 
occurrence in water-laid deposits is something to be expected.' 

Leaves resembling Smilax have been found at several localities in the 
western part of North America. The oldest example of this genus is S. 
grandifolia-cretacea from the Dakota formation of Kansas. Several 
additional forms have been described from the Cenozoic. 

Foliage, stems, and inflorescences of grasses are occasional!}^ encoun- 
tered in Upper Cretaceous and Tertiary rocks, although very few have 
been critically studied. Some of the genera that have been recognized 
are Arundaj Poaciies, Panicum, and Sfipa. Well-preserved fruitlets of 
Panicum (Fig. 167D and E), Stipa, and the extinct genus Berriochloa 
(Fig. \Q7Aj Bj and C), have been found in the Ogallala formation (late 
Tertiary) of the High Plains of 
western Kansas in association 
with remains of grazing mammals. 

The most abundant and best 
preserved monocotyledons are 
palms. The remains (jonsist of 
(compressions of leaves, casts and 
compressions of fruits, petrified 
trunks, and roots (Fig. 168). 

Petrified palm trunks are usually 
assigned to Palmoxylon, a genus 
designed for stems with scattered 
bundles with large fibrous bundle 
caps. Foliage can sometimes be 
referred to Recent genera. 

Palms first appear in the Upper (Cetaceous rocks. Palmoxylon 
cliffwoodensis is from the Magothy formation of New Jersey, and a 
Flabellaria has been reporte(i from the Dakota formation. During 
this time palms ranged as far north as Canada. ; 

In North America the greatest display of fossil palms is found in 
rocks of Eocene age. Silicified trunks are common in many formations 
including the Yegua of Texas and the Green River of Wyoming. Foliage 
is also widely distributed.. Large leaves of Sahal are abundant in the 
Raton flora of New Mexico, the Puget flora of Washington, and the 
Clarno of Oregon. In England numerous fruits of Nipa occur in 
the London Clay delta deposits. 

Toward the close of Eocene time i^ North America shifting climatic 
conditions resulted in a migration of palms to the southward, which 
continued throughout the Pliocene. In the Mojave desert they occur 
in the middle Miocene Tehachapi flora, in the upper Miocene Barstow 



Fig. 168. — Silicified palm roots. Green 
River formation, Eocene. Wyoming. X 
about 5. 
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beds, and in the Ricardo beds of the lower Pliocene. Palms are not 
native in the Mojave desert except along the southern border at the 
present time because of deficient rainfall and low winter temperatures. 

DICOTYLEDONS 

( The fossil record of the di(*otyledons consists mainly of leaves and 
silicified wood, with a lesser assortment of seeds, fruits, and flowers. 
In North America dicotyledons occur principally in the Cretaceous and 
Tertiary deposits of the Atlantic coastal plain, along the coast of the 
Gulf of Mexico, and up the Mississippi River as far as Tennessee, in the 
Great Plains region east of the Rocky mountains, throughout the length 
of the Great Basin and into the Columbia Plateau, in the vicinity of the 
Puget Sound, and at numerous localities along the Pacific Coast from 
Mexico to the Yukon River. In other words, they are likely to be found 
wherever sedimentary roc^k formations of contiiumtal origin of Upper 
Cretaceous or Cenozoic age are exposed. Conditions during Tertiary 
time were exceptionally favorable in many localities for the preservation 
of large quantities of leaves. Along the eastern and southern coast of 
North America deposition took place principally in large embay men ts 
along the shallowly submerged continental shelf, whcTo the extensive 
plant-bearing deposits of the Raritan, Magothy, Wilcox, Cflaiborne, and 
Citronelle formations were laid down. Inland, such extensive plant- 
bearing beds as the Dakota, Lance, Fort Union, Green River, Denver, 
and Raton Avere deposited in inland lakes and shallow seas. In such 
places as the Lamar Valley of Yellowstone National Park, at Florissant, 
Colorado, and the Great Basin and Columbia Plateau regions, the plants 
occur principally in volcanic ash deposits or in shale or diatomaceous 
earth beds formed in lakes produced by the damming of streams by 
lava flows. Of course the floras thus preserved are not made up exclu- 
sively of dicotyledons, but contain in addition ferns, gymnosperms, and 
monocotyledons. 

The dicotyledons preserved in greatest number are the arborescent 
forms such as oaks, willows, poplars, sycamores, birches, alders, elms, 
hackberries, maples, lindens, dogwoods, and figs. Many of the larger 
shrubs are represented, but the low-growing herbs are a decided minority. 
Their occurrence is more or less accidental, and their rarity as fossils is 
not an indication of scarcity during the past. Leaves of forest trees, on 
the other hand, can be carried for great distances by high winds, and logs 
may float many miles from their source of origin to a place of deposition. 
|As a rule, however, the majority St the specimens found in a fossiliferous 
deposit are from near-by sources. Often a single fossil flora will contain 
types from several local habitats. For example, the Trout Creek flora 
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of southeastern Oregon, of Miocene age, which is preserved in a diato- 
maceous earth deposit laid down in a mountain lake about 7 by 10 mileKS 
in area, contains leaves, seeds, and fruits of a large number of plants 
w hich ranged from the shallow borders of the lake to wooded uplands 
some distance away. Thus the leaves and rhizomes of Nymphaea 
represent an aquatic habitat. Stream side or riparian habitats are 
indicated by leaves and fruits similar to a recent Acer saccharinum and A. 
tiegundo and by foliage resembling recent species of Betula^ Carpinus^ 
RosUy Salixj and Vitis. Types more definitely upland are represented 
by leaves of which the modern equivalents are Acer macrophyUunij 
Arbutus Menziesii, Quercus myrsinaejolia, Lithocarpus densijloray Amelan- 
chier alriifoUa, and Sorbus sitchensis. ' The association of species at 
present occupying these several habitats leads to the conclusion that the 
region during a part of the Miocene at least was of diversified relief. 
A level plain would be expected to yield a more uniform assemblage. 

In the instance just mentioned the dicotyledons arc accompanied by 
a few monocotyledons as Typha and LysichiUm^ and a number of conifers 
including Pinas j Thaja^ AbieSj and Picea, Dicotyledons, however, 
constitute the majority of species. 

Selk(’ti:d Families of Dicotyledons’ 

Magnoliaceae . — Of the seven living genera of the Magnoliaceae only 
two, Magnolia and Liriodendron^ are well known in the fossil condition. 
The family is considered one of the most primitive of the floivering 
plants, and it is probably a derivative of the still more ancient ranalean 
stock from which other related families developed. It is also an inter- 
esting example in which primitiveness as indicated by the geological 
record is paralleled by the anatomy and morphology of the recent 
members. Mention has been made of certain resemblances between 
Magnolia and the cycadeoids. 

; Magnolia has been widely distributed throughout the Northern 
Hemisphere since early Upper Cretaceous time. It Avas Especially 
abundant in the northerly latitudes during the warm Eocene epoch, 
but during the Pleistocene ice age it retreated toward the south and 
disappeared entirely from Europe. In common with other angiosperm 
genera the most abundant remains of Magnolia are leaf compressions. 
However, the conelike fruit clusters are sometimes found, and they 
provide the most positive means of identification of the genus. 

Liriodendron was also abundant duimg the Upper Cretaceous although 
it has lately been found that a' widely distributed leaf long known as 
Liriodendron Meekii is a leaflet of the legume genus Dalbergia. As 

1 These are arranged according to Bessey's system. 
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mth Magnolia, the existence of Liriodendron in Europe was terminated 
by the Pleistocene glaciation. However, up to that time a species 
indistinguishable from the American L. tulipifera existed in the lowdands 
of Western Europe. 

Cercidiphyllaceae. — This family is foundf^d upon the genus Cerci- 
diphyllum, the katsura tree, of Eastern China and Japan. Although now 
of limited distribution, investigations show that during th(^ Cretaceous 
and early Tertiary its range extended throughout Europe and across 
the Arctic into North America. The oldest occurreiUH' of Cercidiphyllum, 
is in the l^otomac group of Maryland. In west-central North America 
it is rather widely scattered in the early Tertiary Fort Union and other 
formations of similar age in Montana, Wyoming, Colorado, and the 
Dakotas. It is found in younger beds farther west and south, and its 
latest occurrence appears to be in the early Miocene along Bridge Creek 
in Oregon. 

Leaves now believed to belong to Ccrcidiphyllum were originally 
referred to such genera as Popuhis, Paliuriis, Greima, Zizyphus, and 
several others. In 1922 Professor Berry proposed the name Trochoden- 
droides for certain leaves resembling Trochodendron, which were found 
to belong to Cercidiphyllum when associated seeds and fruits were 
discovered. 

Five fossil species of Cercidiphyllnm have been named from North 
America. The leaves of the earliest species (C. ellipticum) are elliptic 
to broadly ovate-elliptic with rounded or cuneate bases. In the later 
forms they become more deltoid (C. arcticum) and finally cordate (C. 
crenaium). The fruits are small, blunt-point('d pods, and the seeds bear 
a superficial resemblance to the small winged seeds of some conifers. 
Considerable variation exists among the leaves, seeds, and fruits of the 
fossil forms just as in the one living species. 

Berberidaceae, — There are no satisfactory fossil records of Berberts 
from North America but in Europe the genus has been recorded from 
the Oligocene and Miocene. The so-called Berberis gigantea from the 
Miocene of the John Day Valley in Oregon is believed to belong to the 
Araliaceae. Several species of Mahonia {Odostemon of authors) are 
known from the Eocene, Miocene, and Pliocene of Western North 
America. 

I Menispermaceae. — A dicotyledonous family frequently mentioned in 
paleobotanical literature but of which little precise information is avail- 
able is the Menispermaceae. Many years ago the name Menispermites 
was proposed for a large, broadly deltoid, three-lobed leaf with entire 
or undulate margins and with three to five prominent primary veins, 
which diverge from a peltate or subcordate base. The finer veins 
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resemble those of Menispermum. The genus was based upon a group of 
Upper Cretaceous leaves that had previously been assigned to AceriteSy 
DombeyopsiSy and Populites. There is, however, no proof that any of 
the several original species of Menispermites are related to the Menisper- 
maceae although the name has also been used for later material, which 
probably does belong to this family. , 

■ Lauraceae. — The most readily recognizable of the several laura- 
ceous genera that have been found in the fossil condition is Sassafras. 
Although lauraceous foliage is easily confused with genera belonging to 
other families, the leaves are characteristically oval or broadly canoe- 
shaped, b(nng broadest at the middle and tapc^ring to an almost acute 
base and apex. In some genera two promincmt lateral veins leave the 
midrib at an acute angle above the base, and either curve upward main- 
taining about the same distance from the margin, or in the lobed leaf of 
Sassafras ])ass nc^arly straight into the lobes. These three main veins 
are often inlerconru^cted by a system of prominent and nearly transverse 
cross veins. Most of the genera except Sassafras and Benzoin prefer 
mild climates and even these two range into the warmer latitude^. In 
the Eiocene London Clay flora the Lauraceae appear to be the best 
represented of all families of dicotyledons where about 40 species of 
seeds and fruits have been recognized. Many of them belong to extinct 
genera. 

Of the various fossil representatives of the Lauraceae Sassafras is 
best known. It is also one of the oldest of living forest tree gepera. 
Leaves unquestionably belonging to this genus have been found in the 
late Low(»r Cretaceous of both Europe and North America. During 
the Upper Cretaceous it spread into the Arctic. In the Dakota sandstone 
nearly a dozen species have been named although it is certain that many 
of them represent normal variations of a lesser number (Fig. 169A). 
However, it is altogether probable that at the time of its widest distribu- 
tion over the Northern Hemisphere, there were more species than at 
present. 

Although now extinct in Europe, Sassafras existed there as late as 
the Pleistocene. It is now restricted to Eastern North America and 
Eastern Asia, but was present in the Great Basin area during the Miocene. 
S. hesperia (Fig. 169 jB), is a common species, having been found at 
several places in Washington and Oregon. 

Other fossil representatives of the Lauraceae include Cinnamomum^ 
PerseOy LauruSy MachiluSy .and Umbellularia. 

Dilleniaceae. — This family, which has living members in all continents, 
is mainly Oriental, being most copiously represented in Australia. Its 
rather meager fossil record indicates, that during the early Tertiary it 
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was expanded considerably beyond its present limits in response to 
milder climatic conditions. The fossil remains also show that certain 
genera which are confined at present to the Western Hemisphere existed 
there during the early Tertiary as, for example, Empedoclea and Dolio- 
carpus j which are represented by two species each in the early Tertiary 
of Chile. Other genera of the familj'^ have been found in the early 
Tertiary of England, France, Holland, Belgium, and other places in 
Europe. 

In North America the fossil occurrences of the Dilleniaceae are mostly 
in the Eocene. Berry has described five species of Dilienites from the 



(A) ^ (B) 

Fig. 169. — {A) Sassafras acutilohum. Dakota sandstone. Salina, Kansas. Slifihtly re- 
duced, (B) Sassafras hesperia. Miocene. Malheur County, Oregon. Slightly reduced. 


Wilcox and other Eocene beds of the Southeastern United States. 
Dilienites, Dillenia, and Saurauja have been reported from the Tertiary 
of Alaska, and Tetracera has been found in the Goshen beds of Oregon, 
the Weaverville beds of California, and the Latah beds of Washington, 
the last named being its most recent occurrence. Actinidia also occurs 
in the Weaverville beds. Members of the Dilleniaceae may be more 
prevalent in the fossil condition than is generally realized because of the 
similarity of the leaves to those of Castanea and certain species of Quercus, 
\Sterculiaceae. — ^This family, which at present is widely distributed 
throughout the tropics, is probably an old one, and its history is similar 
to that of many others which had spread far beyond their present limits 
during the late Cretaceous and early Cenozoic. A fragment of a deeply 
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iobed leaf from the Patapsco formation of the Potomac group was named 
StercuUa elegavs by Fontaine, but it hardly constitutes acceptable 



(A) 



(B) 

Fig. 170, — (A) Sterculia coloradensia. Green River formation. Fossil, Wyoming. 
Slightly reduced. (B) Ficus mississippiensia. Green River formation. Fossil, Wyoming. 
Slightly reduced. 

evidence of this genus in the Lower Cretaceous. In the Magothy and 
Dakota groups of the Upper Cretaceous, and in the Eocene, a number 
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of so-called species^’ of Sterculia have been named (Fig. 1704). The 
genus is rare in the Miocene of North America. ^ 

Tiliaceae. — ^The genus Tilia has been reported from the Upper 
Cretaceous, but the oldest remains that have much claim to authenticity 
are from the Paleocenc Raton and Fort Union deposits of Colorado and 
Montana. The genus spread widely during the Eoc,ene and extended 
into the Arctic. Leaves and the characteristic bracts have been found 
at a number of localities in the Miocene of Western North America. 
The leaves have often been confused with those of Platanus and Vitis. 

There are many references to Grewia and Grewiopsis in th(^ older 
literature on the fossil plants of Western North America, but the status 
of most of these is doubtful. Some of them belong to Cercidiphyllum. 

Ulmaceae. — Although the remains of Utmus are easily confused with 
those of such genera as Pteleay Zelkova, and Osirya, there is ample evidence 
that it was an abundant genus during the Eocene. Its Cretaceous 
history is uncertain although there is no reason to doubt that it was in 
existence then. During the Miocene Ulmus exceeded its present dis- 
tribution although it was not as abundant at that time in North America 
as in Europe. A few species have been reported from the John Day 
V^alley in Oregon. 

The history of the genus Celtis is not well known although it is recorded 
from the Upper Cretaceous of Europe. A few specimens have been 
found in the liocene of Wyoming and Georgia and in the Miocene of 
Oregon. In the late Tertiary of western Kansas and Oklahoma, leaves 
and fruits of Celtis occur in deposits with the remains of grasses and 
grazing mammals, which shows that the genus had long been able to 
thrive where the rainfall was below the optimum for most forest trees. 

Moraceae. — The genera of this family having the most paleontologic 
importance are Artocarpus and Ficus. The large deeply cut leaves of 
the breadfruit have been found in the early Upper Cretaceous Ceno- 
manian series of Greenland and in the Upper Cretaceous Vermejo beds 
of Colorado. Objects believed to be the fruits have also been found in 
Greenland. In the Eocene Artocarpus occurs in the Wilcox flora of the 
Gulf States and the Raton flora of Colorado. 

Ficus is well represented in the Cretaceous and early Tertiary, 
although it is extremely doubtful whether more than a small proportion 
of the compressions that have been assigned to it are correctly placed. 
From North America alone about 150 species have been recorded. 
Assignment to Ficus is often made mainly upon apparent coriaceous 
texture of the leaves, the distinct reticulate pattern often produced by 
the finer veins, and the elliptical or broadly oval or ovate outline. Some 
leaves are entire, but others are deeply cut. In the Lower Cretaceous 
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Potomac gioup of Maryland, leaves somewhat resembling Ficus an^ 
called Ficopliyllum, but these do not constitute x)ositive evidence of the 
existence of figs at that time. Most of the leaves assigned to Ficus 
occur in the Upper Cretaceous and early Tertiary rocks. F, planicostata 
is an index species of late Cretaceous deposits in the Rocky Mountain 
region. Its leaves are less than 10 cm. long, elliptical or broadly oval, 
broadest near the middle, and the apex is abruptly narrowed to a 
blunt point. F. mississippiensis, a species characteristic of the Eocene 
Wilcox flora, is larger, ovate or ovate-lanceolate, broadest below the 
middle, and has an acute tip (Hg. 170/i). Leaves have been referred to 
Ficus from most of the ]']ocene localities of North America and also 
those from the Arctic and Eurox)e. It is occasionally mentioned from 
the Miocene, but seldom from the temperate latitudes. 

Rutaccae . — Several genera of th(‘ Rutaceae have been reported from 
the Tertiary, but one most freciuently encountered and most easily 
recognizeKl is Ptelca. This genus at the x)resent time is confined to North 
America, and although it has been reported from the Tertiary of Europe, 
Professor Berry doubts that it ever existed there. ^ The large, circular- 
winged, compressed fruits of Ptelca are more easily identified than the 
foliage although th(w an» sometimes confusc'd with the samaras of Uhnus, 
which they closely nvsomble. Three or four species of Ptelca have been 
described from North America, but the most important ones are P. 
eocenica from the lower Eocene Wilcox flora, and P. miocenica which is 
widely distributed throughout Miocene of the western states. 

Simarubaceac . — TJbe genus Ailanthus, limited at present to eastern 
Asia, is represented in the Eocene and Miocene of Western North America 
and in the Oligocume and Miocone of Europe. Its most diagnostic 
remains are the long-elliptical samaras, which have been found in Col- 
orado, Oregon, Wyoming, and other places. 

I Meliaceae . — Leaflets of Cedrela occur in the Eocene Wilcox and 
Lagrange formations of the lower Mississippi Vallej", and leaflets, seeds, 
and capsules are found in the Miocene of Colorado, Oregon, Idaho, 
Nevada, and Washington (Fig. 171). The fossil leaflets of this genus 
have been confused with those of Sapindns, Rhus, Apocynum, and 
Umhellularia, and the seeds with Pinus, Pseudotsuga, Libocedrus, Acer, 
and Gordonia, It is mainly when the seeds are present that the foliage 
can be identified with certainty. 

Although the seeds of Cedrela bear a superficial resemblance to the 
winged seeds of some conifers, they are readily distinguished upon close 
inspection. The tip of the wing is rounded and usually shows a crescent- 
shaped bevel, and the lower margin often bears a short, backward- 
pointing, spinelike point (Fig. 17 1C). / 
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Malpighiaceae. — Several genera of the Malpighiaceae have been 
identified from the characteristic winged fruits. Samaras resembling 
Banisteria and Iliraea occur in the Wilcox and Lagrange floras. 

\ Euphorbiaceae. — This large family has comparatively few fossil 
representatives although such names as Euphorbiophyllum and Cro- 
tonophyllurn are occasionally encountered in the literature. The fossil 
occurrences are mostly Upper Uretac: ous and Eoceiu'. bhiphorbiaceous 



^A) ^ (C) 

Fici. 171.- (.4) Cedrela oregonensis. Miocene. Malheur County, Oropori. Slightly 
reduced. (B) Cedrela pteraformis. Seed. Miocene. Malheur County, Oregon. Slightly 
enlarged, (C) Cedrela sp. Capsule. Miocene. Malheur County, Oregon. Natural size. 


fruits have been found in the London Clay. Leaves referred to Cro- 
tonophyllurn occur in the Lagrange, Magothy, and Tuscaloosa beds, and 
Drypetes has been reported from the Lagrange and Wilcox of the South- 
eastern United States. Along the Pacific Coast Aporosa and Mallotus 
have been found in Oregon, and AclyphUj Aleurites, and Microdesmis 
occur in the La Porte flora of California. ? 

^ Nymphaeaceae. — Pollen grains recently discovered in Jurassic coals in 
Scotland render the Nymphaeaceae the oldest recognizable family of the 
dicotyledons. The probable angiosperm Furcula from the late Triassic 
is older, but its family relationships are undetermined. 

The Jurassic nymphaeaceous pollen is practically indistinguishable 
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from that of the modern Cantalia and N elumhiurn, the resemblance being 
so close that it secerns impossible that they could belong to any other 
family. 

Literature on Upper Cretaceous and Cenozoic floras frequently 
includes descriptions of leaves, rhizomes, and seed capsules referable to 
such genera as Nymphaea^ Castalia, Nelumbo^ and Brasenia. Being 
aquatic plants, they grow in situations favorable for preservation, 
although large (ju an titles of the remains are seldom found at any one 
place. 

SaLicaceae. — Regardless of the uncertainty shrouding the identity of 
many fossil knaves assigned to Populus^ there is ample evidence that this 
genus has a long history and that it was widely spread and abundant 
througlumt most of the late Cretaceous and Tertiary. More than 125 
species of fossil poplars have been described, and at least 100 of these 
occur in North America. llowev(?r, some of the most common fossil 
leaves, sucdi as the supposed Populus Zaddachi, are now believed to 
belong to Cercidiphyllurti, 

The oldest plants thought to be poplars are found in the late Lower 
('retaceous. Poplarlike leaves are abundant in the Dakota group of the 
Upper Cretaceous, and throughout the Eocene and Mio(*.ene they arc 
everywhere present in the continental deposits of Western and Central 
North America and the Arctic. The favorite habitat for poplars through- 
out the past has been along streams and on mountain slopes and other 
places where they vere not shaded during their early stages of growth 
by taller trees, and for this reason they are absent from deposits formed 
under tropical conditions. They often characterize wind-blown deposits 
that were carried into open lakes. 

The history of Salix is similar to that of Populus, but it seems to 
have reached its maximum development in postglacial times. Willow- 
like leaves occur in the Lower Cretaceous and many have been found in 
the Upper Cretaceous. By Eocene time the genus had migrated into the 
Arctic where it has persisted to the present day. About 60 fossil species 
of willows have been described from North America, but this number is 
excessive due to the frequent confusion between willows and other trees 
Avith narrow, taper-pointed leaves. 

Unfortunately, the geologic record has yielded nothing of the struc- 
tural details of the inflorescences of the ancient willoAvs so that it throAvs 
no light upon the question of whether the floAvers are primitive or reduced. 
However, the ecological implications are that the Tertiary Avillows and 
poplars possessed adaptations similar to those of the present-day species, 
Avhich Avould lead one to suspect that the simple flower structure so 
strikingly expressed is at least an ancient feature. 
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Ebenaceae, — During the late Cretaceous and early Tertiary the genus 
Diospyros extended considerably to the north of its present southerly 
range in the Northern Hemisphere. Its leaves are readily confused with 
those of several other genera, but the characteristic leathery four-lobed 
calyces frequently supply a reliable clue to the occurrence of the genus. 
As would be expected, Diospyros is well represented in the Wilcox and 
other P]ocene floras, and it is occasionally encountered in the Miocene. 

Ericaceae. — Of the Ericaceae, several species of A7'hutus have been 
reported from the Tertiary of the West-ern States, A. Traindi, from the 
Miocene of Oregon, resembles the living madrona of the Pacific Coast. 
Fossil species of Arcotostaphylos, Vaccinium, Andromeda, and other 
genera have also been reported. 

Oleaceae. — The geological history of this family centers mainly 
around the genus Fraxinus whose history goes ba(‘k at least to the dawn 
of the Cenozoic. Several species (xauir in tlu^ 10o(^(‘n(' of North America. 
In Europe Fraxinus does not appear until the Oligocene, which suggests 
that the genus is of American origin. It became^ wid(;ly spread during 
the Miocene but apparently declined somewhat during the Pliocene. 
The Icafl('ts of Fraxinus are sometimes confused with those of other 
dicotyledons, but fortunately they are often acaiompanied by the char- 
acteristic fruits. 

Rosaceae. — This large and diversifled family is represented in the 
Cenozoic by a wealth of leaf compressions belonging for the most part to 
such genera as Amclanchier (Fig. 172A), Crataegus (Fig. 172C), Cerco- 
carpus, Cydonia, Chrysohalanus, Rosa, Pyrus, Spiraea, and Prunus. 
Less frequent genera are Chamaebatia, Chamaebataria, Holodiscus (Fig. 
172B), Lyonothamnus, and Photinia. Some members of the Rosaceae 
doubtlessly were in existence during the late Cretaceous, but in general 
it may be assumed that the family did not become widely distributed or 
abundant until the Miocene. Eo(;ene occurrences are relatively few. 
In the western part of North America, rosaceous types are almost 
invariably present in those deposits which show evidence of slackened 
precipitation, as in the Miocene Tehachapi flora of the western part of 
the Mojave Desert where Cercocarpus, Chamaebataria, Holodiscus, 
Lyonothamnus, and others occur in a typical chaparral association with 
Ceanothus, Arctostaphylos, and species of Quercus. At other Miocene 
localities, such as at Trout Creek in southeastern Oregon or at Creede, 
Colorado, where there is evidence of a cool and temperate but not an 
arid climate, we find an abundance of leaves of Amelanchier, Crataegus, 
Prunus, Pyrus, and other genera. Paleobotanical evidence seems to 
indicate that the Rosaceae have long been important members of the 
floras of drier situations within the temperate zone, and that they 
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(B) (C) 

Fio. 172. — (j4) Amelanchier dignatua. Slightly reduced. (B) Holodiacua harneyetma. 
Natural size. (C) Crataegus microcarpifolia. Slightly reduced. All from the Miocene. 
Harney County, Oregon. 
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ranged from areas receiving moderate rainfall to those predominantly 
semiarid. 

^ Legiimmosae. — This large family, like the Rosaceae, has many fossil 
representatives. Being mainly a tropical family, and well represented in 
the temperate zone, its range during the warm Upper Cretaceous and 
Eocene ('pochs was considerably beyond its present limits. The genus 
Dalhergia^ for example, existed in Greenland during the Upper Cre> 
taceous. Tn the Eocene Wilcox flora of the Southeastern United States, 
the legumes constitute the largest assemblage with about 86 nominal 
species belonging to 17 genera. The best rei)resented genera are Cassia^ 
Dalbergiay and Sophora. Some investigators believe that the legumes 
were the largest angiosperm alliance during the Eocene. 

The legumes occupy a less conspicuous place in the Miocene assem- 
blage althougli both foliage and pods are frequently found. Some 
genera reported from the North American Miocene are Cassia, Sophora, 
Cercis, Robinia, and Pithecolobium. / 

Saxifragaccae, — The Saxifragaceae is represented in the fossil series 
by several genera including Hydrangea and Fhiladelphus, ^Fhe four- 
parted sterile flow’ers of Hydrangea furnish undis})uted evidence of the 
existence of this genus in the Miocene of Washington and On'gon, and 
leaves believed to belong to it occur at Florissant, Colorado. A few 
species of Philadelphus have been reported from the western Miocene. 

Hamamelidaccae. — A few years ago a portion of a Liquidambar leaf 
was found in the Upper Cretaceous Aspen shale of Wyoming, but pre- 
vious to this discovery, the oldest authentic remains were from the late 
Eocene of Oregon and the subarctic. This genus was widely distributed 
during the Miocene, the remains having been found in Japan, Asiatic 
Russia, Central Europe, Oregon, Idaho, and Colorado. It persisted in 
these latitudes until the Pleistocene glaciation when it became extinct 
in Europe and in Western North America. 

The genus Hamamelis is probably an ancient one but its history is 
not well known probably because of the uncertainty in distinguishing 
its foliage. Leaves referred to the form genus Hamamelites are found in 
the Dakota and Fort Union formations. 

The genus Fothergilla, consisting at present of three species in the 
Southeastern United States, has recently been found in the Miocene of 
Shantung, China. F, viburnifolia, the fossil species, closely resembles the 
living F. Gardeni. This is the only known occurrence of the genus in 
the Tertiary. 

Platanaceae. — The genus Platanus is one of the oldest of the dicoty- 
ledons and has a nearly continuous fossil record from the middle of the 
Cretaceous to the present. Its first definite appearance is in the early 
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Upper Cretaceous Raritan formation of New Jersey and the Tuscaloosa 
formation of Alabama. Four so-called “species” have been named 
from these beds. The genus appears to have originated in North 
America. During the late Cretaceous Platanus spread into the Artie, 
and from there, either during the late Cretaceous or the early Tertiary, 
into Europe. 

The wide range in form of the leaves of Platanus renders determination 
of the fossils rather difficult, and, as with other genera, there has been 
a pronounced tendtmey toward multiplication of species. There has 



Fig. 173 . — Platanus dissccta, Miocene. Malheur County, Oregon. natural size. 

been considerable confusion between Platanus and certain members of 
the Aceraceae, Araliaceae, and Vitaceae. Nevertheless, the fossil 
record seems to indicate quite clearly that the evolutionary trend has 
been from the shallowly lobed leaf with a cuneate base to those with 
larger lobes and a rounded or cordate base. Thus in the early Tertiary 
forms such as P. coloradensis the terminal lobe is strong but the lateral 
ones are weak or absent, and the base is almost as acute as the tip. In 
the middle Eocene P. appendiculata the leaf is more nearly round and 
may or may not possess short obtuse lateral lobes. The more modern 
type of leaf is expressed by the well-known P. dissecta^ a Miocene form 
quite similar to the modern P. occidentalis and P. orientalis. P. dissecta 
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(Fig. 173), is widely distributed throughout the Miocene lake beds in 
Washington, Oregon, California, Nevada, Idaho, and neighboring areas, 

with the most prolific locality for 
the leaves being along Sucker Creek 
in eastern Oregon. At about th(‘ 
end of the Pliocene tii(^ sycamores 
of the P, dissccta type disappean'd 
from Western North America to b(^ 
superseded in some places by a 
deeply cut form, P. paucidrntaia, 
which is probably the forerunner of 
the western P. racemoHa. 

Cacfaceae . — The fossil record of 
tliis family is limited to a single 
specimen from the lM)C(*ne of Utah 
named Eopimtia (Fig. 17*4), because 
of its resemblance to the modern 
prickly pear cactus. The specimen 
consists of three joined sections 
of which one bears a large open 
trumpet-like flower, and another a 
pear-shaped fruit. This one dis- 
covery shows that the C^actaceae are 
not a recent development but oik' that has probably been in existence for 
some time. Its paucity in the fossil series is probably to be explained by 
its occurrence largely on ridges or arid basins where its stems did not 
enter readily into the fossil record. 

Rhamnaceae . — This family is rather well represented in the fossil 
series. Rhamnus, PaliuruSj and Zizyphus are the most frequently 
encountered genera but a number of others arc known. Rhamnus 
appears in the early Upper Cretaceous, and is widely distributed though 
not always abundant in the North American Eocene. Six species have 
been described from the Denver formation. A few species are known 
in the Miocene, one being R. idahoensis from the Latah formation, which 
is comparable to the living R, Purshiana, the cascara tree, of the Pacific 
Northwest. 

Leaves believed to belong to Paliurus are found throughout the Upper 
Cretaceous of North America including Alaska. The genus is most 
certainly recognized when the peltate, circular-winged fruits are present. 
The oldest of these are from the lower Eocene. During the Eocene 
Paliurus existed throughout North America and extended into the Arctic. 
It was still present in North America during the Miocene w^hen it was 



Fig. 174 . — Eopuntia DonghissH. Eo<*cno. 
Utah. {After Chaney,) Kediieed. 
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preserved in the Florissant lake beds and in the Latah clays at Spokane, 
Washington. Zizyphus also appeared in the early Upper Cretaceous, but 
has not been found in rocks of that epoch in Europe. However, 
in North America several species are known. In the Eocene Z. cin- 
namomoides is an abundant species in the Green River formation, and the 
genus is well represented elsewhere in North America and also in Europe. 
Six species have been described from the Denver formation alone. 

lihamtiidium, one of the rarer genera, existed in California during 
the Eocene, and then migrated to Central and South America where 
three Miocenes species are known. Bcrchemia is reported from the Upper 
Cretaceous and Eocene of North America but is best represented in the 
Miocene and Pliocene. 

Of other fossil repn^sentatives of the Rhamnaceae mention should be 
made of Ccanoth us, Cohihrinay Condaliay and Karwinskia, which occur in 
the late Mioccuie and (^arly Pliocene in association with species indicative 
of semiarid conditions such as are portrayed by the Tehachapi flora of 
the Mojav(‘ l)(‘sert. 

Vitacme , — The history of this family rather closely parallels that of 
the Rhamnaceae to wliich it is closely related, but it is often difficult to 
distinguish the foliage of the Mtaceac^ from that of such genera as Acer, 
Aralia, Platamis, and some members of the Mcnispermaceae. 

Fossil leaves resembling Cissus are often referred to the artificial 
genus Cissiies. and Cu^sites are common in the Upper Cretaceous 

and the Eocene although many of the leaves assigned to these genera 
undoubtedly belong to something else. Half a dozen or more species of 
Ampclo'psis have been described from the early Eocene of North America 
and the late Oligocene and early Miocene of Europe. Vitis is believed 
to be present in the Upper Cretaceous and early Tertiary of Western 
North America but in Eastern North America it is not known before 
the Pliocene. In the Miocene, it has been found in Colorado, Oregon, 
and Washington. 

Celasiraceac . — A large number of simple serrate leaves from the 
Paleocene, Eocene, and Miocene have been assigned to Celastrus but the 
proportion of inaccurate determinations is probably large. 

Sapindaceae , — The principal fossil genus of this family is Sapiridus 
of which more than 130 species have been named. However, not more 
than two-thirds of this number are considered authentic. The genus 
dates from the Upper Cretaceous, but it is best represented in the Eocene 
and Miocene. Our knowledge of the history of the genus, however, is 
not entirely satisfactory because of the ease wdth which the leaves are 
confused with those of such genera as Carya, JuglanSy and Cedrela. 

Winged fruits resembling those of Dodonaea have been found in the 



358 AN INTRODUCTION TO PALEOBOTANY 

Eocene of the Southeastern United States and other places. Cupanites 
and Cupanoides are names for leaves and fruits, respectively, that 
resemble Cupania. Both occur in the Eocene, the latter in the London 
Clay. Two species of Cupania occur in the Goshen flora of Oregon. 

Aceraceae. — As compared with most dicotyledonous families, th(^ 
history of the genus Acer is well known. Although there is some dangei* 
of confusing the leaves with other lobed, palmately veined types, the 
leaves are often accompanied by fruits that render the determinations 
certain beyond all question. 

The maples first appear in the Upper Cretaceous, and in the Eocene 
they occur in the Arctic. Their greatest development, however, was 



{B) 

Fui. 175.- “(A) Acer ylabroides. Samara resembling that of living A. glahrum. Mio- 
cene. Harney County, Oregon. Natural size. {B) Acer OsmorUi. Samara believed to 
be equivalent to that of living A. saccharurn. Miocene. Harney County, Oregon. 
Natural size. 


during the Miocene. Maples are likely to occur in any Miocene plant- 
bearing deposit, and they rank high in species as well as in number of 
individuals. At least half a dozen positively determined species occur 
in the Miocene of the Great Basin and the Columbia Plateau regions, 
especially in the Bridge Creek, Mascall, and Latah formations. They 
are all similar to living species although the living equivalents of some 
are confined to areas remote from Western North America. Acer 
Bendirei is the name given large leaves and fruits that closely resemble 
the living A. macrophyllum of the Pacific Coast. A. gladr aides (Fig. 
176A), resembles A. gladrurrij and A. Osmonti (Fig. 1755) appears indis- 
tinguishable from the recent A. saccharinum. A, Scottiae includes leaves 
and fruits resembling those of A. pidum of Eastern Asia, and the modern 
box elder, A. Negundo, finds its Miocene equivalent in A. negundoides. 
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Unlike many other trees, the maples were not completely eradicated 
from Europe by the Pleistocene glaciation. They retained a foothold 
along the Mediterranean Coast. 

The paired but more or less circular winged fruits of Dipteronia have 
been found in the Miocene of Colorado and Washington. This genus is 
at present confined to Central and Western China. 

Anacardiaceae.— The most important fossil members of this family 
belong to the genera Rhus^ Pistada, and AnacarditeSy the latter being a 
form genus for anacardiaceous foliage of uncertain affinity. Many fossil 
species of Rhus have been named but not all of them can be regarded as 
authentic. Rhus dates from the Upper Cretaceous, but it seems to be 
most prevalent in the Oligocene and Miocene. 

J uglandaceae. — Several members of the Juglandaceae are known in 
the fossil condition. The leaf record is fraught with numerous mis- 
identifications, but the characteristic fruits and seeds often provide 
clues to identification not available for some other families. In the 
Eocene London Clay flora, inflorescences and seeds resembling those of 
Juglans and Platycarya are described as Pterophiloides and J uglandicarya. 
Nuts undoubtedly of Juglans or Carya occur in the lake deposits at 
Florissant, Colorado, in the Miocene Braunkohle of Germany, and in the 
White River Oligocene of Nebraska. 

The former distribution of Juglans was formerly much wider than at 
present. It inhabited Europe from the Upper Cretaceous to the Pli- 
ocene. Pierocaryay which is limited to a few species in Transcaucasia, 
(^hina, and Japan, was present in North America and Europe during 
the early Tertiary, and Engclhardtiay characterized by its conspicuous 
fruit bract, was even more widely dispersed. Well-preserved fruits 
occur in the Wilcox flora near the Gulf of Mexico. Carya is unknown 
in the Cretaceous but is present in the early Eocene in Western North 
America. The genus appeared in Europe during the late Eocene and 
attained its widest distribution during the Miocene. The Pleistocene 
glaciation drove it from Europe and Western North America, but it has 
persisted east of the Great Plains. 

Betulaceae. — The genus Betula was abundant and widely spread 
throughout the Northern Hemisphere during the Eocene. Unlike most 
of the angiosperms that extended into the Arctic at that time, some of 
its members became adapted to the boreal climate and have survived 
there. Betula nana, a dwarf birch of the far north, is a minute woody "" 
plant which in some habitats does not exceed in height the mosses among 
which it grows. Betula is also abundant in Miocene deposits, especially 
those of Southern Europe. The oldest known birches are found in the 
Dakota sandstone and the Upper Cretaceous rocks of Greenland. The 
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bilaterally winged fruits and pollen grains are commonly met with in 
Pleistocene peat. 

The foliage of Bctula is not easy to distinguish from that of AlnuSy 
and it is only when the characteristic conelike catkins of the latter are 
present that positive determinations can be made. The history of 
Alnus closely parallels that of Bctula except that it has extended into 
the Southern Hemisphere. It has been found in the Pliocene of Bolivia. 



Fig. 176. — (A) Dryophyllum Moorii. Wilcox group. {After Berry.) natural size. 
{B) and (C) Dryophyllum subfalcatum. Medicine Bow formation, Ux)per Cretaceous. 
Wyoming. Drawn from retouched collotype by Dorf. natural size. 


The genus Corylus is not known from the Cretaceous. It extended 
into the Arctic during the Eocene but had retreated to approximately its 
present range by Miocene time. 

The foliage of Ostrya and Carpinus are often confused and identi- 
"^fication of these genera is difficult unless the fruits are present. In 
Ostrya the small nutlike fruit is enclosed within a saccate involucre, 
whereas the involucre of Carpinus is a deeply lobed, leaflike structure. 
The history of the two genera is quite similar although that of Carpinus 
is less known. The present discontinuous distribution of Ostrya in 
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North America can be explained from the fossil record. As late as the 
Pleistocene it extended over at least the southern half of the continent 
with a continuous range from the Atlantic Coast to Central America, 
but the advent of arid conditions in Texas and Northern Mexico separated 
the southern extension of the genus from the northern. 

Fagaceae. — It is believed that the modern members of this family 
were derived during the Upper Cretaceous time from the extinct genus 
Dryophyllum, (Fig. 176). Dryophyllum is not known in rocks older than 
Upper (h*etaceous, but since it appears to have been widely spread and 
highly diversified at the beginning of this epoch, there is reason to believe 
that it existed earlier. Leaves of Dryophyllum are lanceolate to oblong, 
and they usually have dentate margins. The secondary veins are 
pinnately arranged and more or less parallel, and the veinlets are trans- 
versely decurrent. The leaves resc^mble the chestnut or the holly oak 
type, which suggests iliat the deeply lolx^d leaves are derived. Dry- 
ophydum is not restricted to the Creta(*.eous but is abundant in the 
Eocene of the Culf Coast. It probably became extinct in the Miocene. 

Fagm was probably derived from the Dryophyllum complex during 
the late Cretaceous, and it became widely spread during the Tertiary. 
During the early Tertiary it existed along with the closel}^ related 
Nothofagus in Southern Soutli America and Australia. 

Quercus is one of the most commonly encountered genera of the Upper 
('n'taceous and Cenozoic. The fossil record consists of numerous leaf 
compressions oc(*.asionally acic.ompanied by acorns and quantities of 
petrified wood. Because of the wide variation in leaf form, not only 
between species b\it within the same species, the geological history of 
Querem is somewhat confused, and the accuracy of the records has 
suffered not only from erroneous determinations but also from an over- 
multi{)lication of fossil species. As long ago as 1919 Knowlton listed 184 
species of oaks (including the form genera Quercinium and Quercophyllum) 
from North America alone. As several more have been subsequently 
named, the total probably exceeds 200. Professor Berry, however, has 
shown that some of the supposed lower Eocene oaks of the Southern 
States belong to the Dilleniaceae, and numerous others, upon critical 
examination, have been found to belong to genera unrelated to the 
Fagaceae. 

The oaks are believed to have been derived from the Dryophyllum 
plexus early during the Upper Cretaceous, and a number may be recog- 
nized in rocks of this age from Alaska and Greenland. Many others, 
including fruits, are known from the Eocene. Practically all the early 
oaks are of the unlobed or chestnut type, and the prominently lobed 
leaf did not become common until the Miocene^ 
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The volcanic ash and diatomaceous earth deposits of the northern 
Great Basin and Columbia Plateau regions and adjacent areas of the 
Western United States have yielded enormous numbers of unlobed 
leaves. These include among others Quercus sirmdata (Fig. 177) and 
the very similar (some authors believed identical) Q. consimiliSj which are 
probably the fossil equivalents of the living Lithocarpus densiflora or Q. 

myrsinaefolia. There are others 
that resemble Q, chrysolepis and 
Q. hypolcuca. The deeply lobed 
leaf which appeared at this time 
is expressed in Q. pscudolyrata 
which is the equivalent of the 
living Q. Kelloggii. Probably the 
ultimate in lobation is revealed 
by Q. crudata from the Miocene 
of Switzerland. 

Castanea and Casfanopsis also 
emerged from the Dryophyllum 
stock during the late Cretaceous. 
Their leaves often occur along 
with those of Quercus and in 
some cases they are difficult to 
distinguish. Such names as 
Quercus castanopsis are frank 
admissions of this problem. 

Myricaceae . — ^The Myricaceae is represented by a few genera includ- 
ing Myrica and Comptonia, The latter genus is best represented in the 
Miocene although it is reported from formations as old as the Raritan. 
Comptonia is sometimes confused with the rosaceous genus Lyonothamnus. 

Araliaceae . — The existence of foliage resembling that of the Araliaceae 
at a number of Lower Cretaceous localities has led to the belief that this 
family is an ancient one. Its exact status, however, is greatly in doubt 
because of the difficulty in distinguishing the foliage from some other 
dicotyledons, such as Acer, Platanus, and Vitis, Several species of 
araliaceous leaves have been described from the early Upper Cretaceous 
Raritan, Magothy, and Dakota groups of the United States and from 
the Chignik and other Upper Cretaceous beds of Alaska. In the lower 
Eocene Wilcox flora, the Araliaceae is represented by several species of 
AraliOf Oreopanax^ and Schefflera, 

Considerable doubt has been cast upon several supposed species of 
Aralia from Eocene, Oligocene, and Miocene of the western half of 
North America. Some specimens of A. Whitneyi from the Eocene and 



Fig. 177 . — Quercus simulata. Equivalent 
to the living Q. myrsinaefolia, Miocene. 
Harney County, Oregon, % natural size. 
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Miocene are now believed to belong to the Platanaceae, and other 
species have been confused with Acer, Aralia dissecta is a large deeply 
cut leaf from the Florissant beds, which may be correctly assigned. The 
existence of Oreopanax in the Miocene of eastern Oregon and northern 
Nevada is unquestioned, and two and probably three species are known. 
One of these, 0. precoccineay was so named because a fragment of a 
leaflet was originally mistaken for a leaf of Quercus cocdneay the scarlet 
oak. The leaf is large and consists of seven to nine spiny, deeply cut 
leaflets attached to the summit of the petiole. 0. Conditi is a similar 
species from northern Nevada, and 0. gigantea is based upon a fragment 
of a very large loaf from the Mascall beds of central Oregon. All these 
leaves are leathery and are believed to be holdovers of the earlier Tertiary 
floras, which have since receded into the mountainous regions of Central 
America and Northern South America. 

Cornaceac. — The leaves of Cornus first appear in the Upper Cre- 
taceous rocks. During this time, however, the genus appears to have 
been restricted largely to North America, and not until the Eocene did 
it exist to any extent in Europe. In the late Tertiary it spread com- 
pletely across Europe and Asia. The leaves and the characteristic 
bracteolate inflorescences are widely scattered though seldom abundant 
in the Miocene of the Western States. During the Pliocene it seems to 
have waned somewhat in North America. 

The history of the genus Nyssa is similar to that of Cornus except 
that during the Miocene it became extinct in Europe. The small hard 
seeds of Cornus, Nyssa, and Masiixia are often found in Tertiary lignites, 
and in the Eocene London Clay the seeds of several apparently extinct 
genera of the Cornaceae abound. 

Caprifoliaceae. — Numerous species of Viburnum have been recorded 
from the early Tertiary, but the accuracy of the determinations in the 
majority of instances is questionable. The genus is easily confused with 
Acer, Ribes, and others. 

Other dicotyledons. — A number of form genera have been proposed to 
embrace fossil dicotyledonous leaves of which the family affinities are in 
doubt. A few of these are briefly described. 

Under the name Protophylhim Leo Lesquereux grouped a number of 
leaves from the Dakota sandstone which, although they bear some 
resemblance to the Ulmaceae, do not agree exactly with those of any 
known living genus. Protophyllum leaves are large, coriaceous, oval or 
round-pointed, subpeltate with entire or undulate borders and pin- 
nately arranged, more or less parallel secondary veins. The apex of the 
petiole is covered by two basal lobes of the blade into which pass some- 
what downwardly directed branches of the lowermost secondary veins. 
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Closely resembling Proiophyllum and sometimes confused with it is 
Credneria, an Upper Cretaceous leaf believed by some to be allied to the 
Platanaceae. The margin rather recalls the leaf of Platanus but the 
lateral lobes are lacking or only very weakly developed and the apex is 
blunt. The first pair of major secondary veins departs at some distance 
above the base, and below this pair are several pairs of weaker secondaries 
that pass out nearly at right angles to the midrib. 

Dombeyopsis is the name that has been given large leaves that have 
been variously referred to the Buettneriaceac, Bigiioniaceae, and Ster- 
culiaceae. The leaves are entire, usually cordate-ovate, and bear 
considerable resemblance to the modern Catalpa, 

The term PhyllitcSy which has no precise meaning, is applied to the 
foliage of any leaf of unknown family relationship. It is generally 
applied to dicotyledonous leaves but can be used for leaves of any 
group. It is purely a form g(mus, which is used only when it is desirable 
to give a certain leaf type taxonomic status without committing oneself 
as to its affinities. Similarly, Carpoiithm and Car piles are used for 
seeds and fruits and Antholithus for unassigned fructifications or 
inflorescences. 

Of the some 250 recognized families of the dicjotyledons, probably 
less than half are known to have fossil representatives. Jn 1919 Knowl- 
ton listed 93 families from North Ameri(^a, but subsecpient di^^coveries 
would probably raise the total to more than 100. A considerabk' number 
of these, however, are represented by only a f(‘W dubiously identified 
forms, and a complete revision of the late Cretaceous and Tertiary floras 
would result in the removal of several families and the inclusion of others 
not at present known to be represented. 

I There are a number of families which, although very important in 
the study of modern floristics, are either without known fossil repre- 
sentatives or are so sparsely represented that we can claim no precise 
knowledge of their history. Some of these are Campanulaceae, Com- 
positae, Cruciferae, Labiatae, Ranunculaceae, Scrophulariaceae, Sol- 
anaceae, and Umbelliferae. The scarcity of fossil members of these and 
other families is partly because some of them are the recent products of 
evolution and were either rare or nonexistent previous to the Pleistocene 
ice age, and partly because they consist for the most part of low-growing 
annual or perennial herbs, which do not periodically shed their foliage. 
As such foliage does not accumulate in quantities where sediments are 
deposited, it does not enter strongly into the fossil record. ; The pre- 
ponderance of deciduous species in the rocks therefore does not necessarily 
mean that the majority of the species of the surrounding region was of 
that type. This introduced an error in our interpretations of past 
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floras, and the discrepancies resulting from the accident of presei-vation 
extend throughout the Mesozoic and Paleozoic as well as the Cenozoic. 
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CHAPTER XIV 


THE SEQUENCE OF THE PLANT WORLD IN GEOLOGIC TIME 

In the preceding chapters the subject of paleobotany is organized 
around the sepai’ate plant groups, and although the geologic sequence is 
followed to some extent in the treatment of most of the groups, no 
effort is made to describe the floras of the sepai’at-c' eras and pc^riods or 
to trace the course of development of the plant world as a whole. The 
purpose of the present chapter, therefore, is to present a brief (‘hrono- 
logical account of the subject. It is impossible within the confines of 
one chapter to delve into the intricacies of stratigraphic problems as 
they pertain to paleobotany other than to deserib(' \Try briefly the floras 
of those rock series and groups in w hich fossil plants have played an 
important role in correlation. But because of the complexity of even 
this limited phase of the subject, the treatment w ill be restricted mainly 
to North America. 

Pre-CamiuiiAiV and Early Paleozoic 

In the Pre-Cambrian and those early stagers of the Paleozoic preced- 
ing the Devonian, which together represent more than three-fourths of 
known geologic time, we know^ little of the plant life of the globe except 
for a few^ probable seaweeds, lime-depositing algae, and bacteria w^hich 
might have been responsible for mineral deposition. A few" years ago 
cutinized spores resembling those of modern land plants were reported 
from Cambrian coal, but since the age of this coal is a matter of question, 
this one occurrence of spores is not accepted as satisfactory evidence of 
land plants during that period. Information has been accumulating 
during the last tw'o decades on a group called the Nematophytales which 
shows many attributes of the Thallophyta but which apparently was 
adapted to partial life on land. The best knowm members of the Nemato- 
ph3d.ales are Prototaxites and Nematothallus, Land plants probably 
evolved from aquatic ancestors during the early Paleozoic, but as yet 
we are quite ignorant as to how or exactly when this transformation 
occurred. 

The Devonian has long been looked upon as having produced the 
first land plants, but lately the Silurian has yielded remains, which there 
is every reason to believe grew upon land. The oldest of these are from 

366 



CXCAOO- 6INK60- COROAI 


THE SEQUENCE OF THE PLANT WORLD IN GEOLOGIC TIME 367 



GROUPS IN GEOLOGIC TIME 


368 


AN INTRODUCTION TO PALEOBOTANY 


beds containing Monograpius, presumably belonging to the Middle 
Silurian, of Victoria, Australia. Baragwanathia, evidently a lycopod, is 
the largest and the most completely preserved of these very ancient 
plants. In addition, there are two species of the psilophyte Yarravia, 
The Upper Silurian Walhalla series, also from the state of Victoria, has 
yielded a small flora which definitely connects the Silurian vegetation 
with that of the Devonian. The Walhalla plants consist of two species 
of Sporogoiiites, and one each of Zosterophyllurn and Ilosiimella, 

Thio Latkh 1\\leozoic 

Devonian. — It is customary to divide the Devonian into three parts, 
the Lower, Middle, and U})per. The boundaries b('tw('en these stages, 
however, arc not always clearly^ defined and correlations over large areas 
are subject to frequent (^ontrov(^rsy. As a matter of (convenience the 
Devonian rocks are frecpiently designated as early’’ and ^Mate,” and 
from the standpoint of the floras, and to some extent from that of the 
faunas as well, a twofold division is probably as logi(*al as the oth(‘r. 

The sedimentary deposits of the Devonian ai*e of two kinds, con- 
tinental and marine. The continental beds (consist principall.y of sand- 
stones, gray or red shales, and conglomerates, whereas the marine and 
brackish water counterparts are built up mainly of limestones and 
dark gray shales. Most of the plant remains of the Devonian are from 
the former. In Eastern North Aim'rica the Lower Devonian rocks are 
almost exclusively marine, but during Middle Devonian time the great 
Catskill delta, which originated from sediments derived from the eroded 
Appalachian land mass to the east, began to extend westward. The 
growth of this delta continued throughout most of the Upper Devonian 
and by the end of the period extended as far as the western portions 
of New York and Pennsylvania. This delta supported a land flora. 
During the youthful stages Aiieurophyton, primitive lycopods of the 
Gilhoaphyton type and doubtlessly many psilophytes thrived, but near 
the end of Middle Devonian time these early types were largely replaced 
-by the lycopod Archaeosigillaria, the fern Archaeopteris, and the supposed 
gymnosperm Callixylon. These persisted until the close of the period. 

In the Perry Basin of eastern Maine, and at several places in Eastern 
Canada, there are similar beds of continental origin containing land 
plants. The Upper Devonian beds at Perry, Maine, have yielded 
AneurophytoUj Archaeopteris, Barinophyton, lycopods, and other plant 
remains. Material from Perry identified as Psilophyton belongs in all 
probability to Aneurophyton. The Gasp6 sandstone at Cape Gasp6 
(probably Lower Devonian) contains many fragments of Psilophyton, 
and it is from there that Sir William Dawson secured the material from 
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which he described the genus. The Upper Devonian "'Fish Cliffs^' at 
Scaumenac Bay contain Archaeopieris and other plants but the locality 
is best known for fossil fish. 

In Northern Europe that part of the Devonian S3^stem deposited 
within the mountain troughs following the Caledonian revolution is 
called the Old Red Sandstone. It is of continental origin, being best 
developed in Scotland, although it extends into England, Wales, Ireland, 
and Scandanavia. For the most part it is unconformable with the 
marine Silurian upon which it rests. Correlations betwecm comparable 
horizons of the Old Red Sandstone are difficult, but the whole series is 
believed to embrace the I.ower and Middle Devonian and a part of the 
Upper. 

The Downtonian of England and Wales was formerlj^ considered a 
part of the Old Red Sandstone, but is now classified as a separate series. 
It apparentlj" lies at the base of the Devonian, and by some is r(‘garded 
as late Silurian. Vascular plants from the Downtonian include spe(;ies 
of Cookso'nia and Z osier oyhy Hum , Other plants with cutinized structures 
but no vascular s.ystem are Pachyihem^ Parka, and NemaioihaUus. 

The sediments making up the Catskill delta and the ^^Fish Cdiffs’^ 
at S(^aumenac Bay in (Quebec* are often regarded as the North American 
equivalents of the Old Rod Sandston(‘. Although not form(‘d under 
exactl^^ comparable conditions, the^" all, however, contain similar organic 
remains. 

Several years ago Ne^^'ell Arber applied the designations Psilophyton 
flora and Archaeopieris flora to the earl^’^ and late Devonian floras on 
grounds that they were separate and distinguishable entities. We know 
now, however, that there is some overlapping of these floras. Cladoxylon, 
for example, a genus formerly supposed to occur only in the late Devonian 
and early Carboniferous, was found at Elberfeld, Clermany, on the same 
rock slab with Asteroxylori, a Middle Devonian genus. In eastern New 
York Aneurophyton extends from the Middle Devonian into the lower 
part of the Upper Devonian, and A rchaeoptcris, long used as an index fossil 
of the Upper Devonian, occurs sparingly in the late Middle Devonian. 

Although the general aspect of the earl}" Devonian flora is pre- 
dominantly psilophytalean, there are in it evidences of important 
evolutionary trends. It was during early Devonian times that the first 
sphenopsids and ferns are believed to have diverged from the psilophy- 
talean complex, and it is likely that the precursors of the gj^nmosperms 
were in existence then. The Psilophytales, however, predominated 
during these times although the genus Psilophyton was not as prevalent 
in North America as has been generally supposed. There is no satis- 
factory evidence that Psilophyton survived into the Upper Devonian 
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regardless of numerous references to it in the literature. On the other 
hand, it was an important plant during the Lower and Middle Devonian 
at other places, as is shown by the numerous records of it from Western 
Europe. Zosferophyllum, another member of the Psilophy tales, is 
probably older than Psilophyton and has been found in the Upper Silurian. 
Other early Devonian plants belonging to the Psilophy tales are Cooksonia, 
Bucheriaj PsexidosporochiiiSy Rhynia, Horneophyioifj Asteroxylon, and 
Taeniocradia. Arthrostigma, once regarded as psilophytic, is now 
believed to be the same as Drepauophycus, which shows c'vidcuice of 
lycopodiaceous affinities. 

Numerous primitive lycopods existed contemporaneously with the 
l^silophy tales. Although less simple in tluur bodily organization, the 
lycopods are probabl}^ as old. Mention has been made of the lycopodi- 
acebus characteristics of the Silurian Baragwanothia. 

Hyenia, Calamophyton, and Spondylophyton ai*e early D(‘vonian 
plants usually classified under the Sphenopsida. Hyenia has been 
found on Bear Island, in Germany, and in Ne\v York. Calamophyton is 
known only 'from Germany and Spondylophyton is fiom Wyoming. 

The Middle Devonian flora contains a few fernlike type’s. 
topieridium is probably the most widely distributed. Others are Arach- 
noxylon, Rdmannia, and Iridopteris from the Hamilton group of western 
New York, all showing evidence of connection with the Psilophy tales. 

The early Devonian has yielded no seed plants. EospermatoptcriHy 
originally regarded' as a seed plant, in all probability reproduc(^d by 
spores, and its reniains are ihdistinguishable from those of Anevrophyton . 

The iUpper Devonian has yielded several lycopods, such as Pro- 
tolepidoclendron , ^chaeodgilt^ria ^ Colpodexylony and Cyclostigma, The 
Sphenopsida are represented by Pseiidobornia and Sphenophyllum^ and 
the ferns by Archaeopteris, Asieropteris, and CUidoxylon. No objects 
that can be positively identified as se eds have benm found anywhere in 
the Devonian, but Callixylon was undoubtedly a seed plant and a 
gymnosperm. Callixylon and Archaeopteris existed contemporaneously 
throughout the Upper Devonian although their remains are seldom 
found together. 

Carboniferous, — The prevailing practice among North American 
geologists is to divide the Carboniferous period into three epochs, the 
Mississippian, the Pennsylvania, and the Permian. In actual practice, 
however, the name Carboniferous^^ is often dispensed with and the 
epoch names are used in place of the period names. According to 
European usage the Carboniferous is a period divided into the Lower and 
the Upper Carboniferous, and the Permian is a period equal in rank with 
the Carboniferous. ‘Termo-Garboniferous” is often used for late 
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Carboniferous and early Permian rocks of whi(;h the exact age may be 
in doubt. The name is often applied to the late Paleozoic glacial tillites 
of the Southern Hemisphere. 

The Mississippian of North America corresponds in general to the 
Lower Carboniferous of the British Isles and the Dinantian and Culm of 
continental L^iirope. In Great Britain the Lower Carboniferous consists 
of the Calciferous Sandstone of Scotland, the Carboniferous Lime- 



(.4) (B) 

Fig. 178. — (Jl) LepidodeTuirojJsis cydostiginaioides. Price formation. Virginia. X 
about 2. {B) Triphyllopteris lescuriana. Pocono formation. High Bridge, Pennsylvania, 
Natural size. 

stone, and the lower part of the Millstone Grit. The Calciferous Sand- 
stone contains a large flora of lycopods, sphenopsids, and ferns, many 
of which are structurally preserved in volcanic ash. Two important 
localities are those on the Isle of Arran, where the large upright trunks 
of Lepidophloios Wunschianm were found, and at Petty cur, on the Firth 
of Forth, which has yielded numerous petrified ferns and other plants. 
The Mississippian series of North America, being predominantly marine, 
contain relatively few plant-bearing beds. The most prolific are the 
Pocono and Price formations of Pennsylvania and Virginia, and the 
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Horton shales of Nova Scotia. The Lower Carboniferous is usually 
separated from adjacent formations by unconformities. 

The lycopods found in the Lower Carboniferous include such genera 
as Lepidodendron, LepidophloioSj and Lepidodendropsis (Fig. 178^4). 
Sigillaria, if it was in existence then, was rare. Lepidodendra with long 
tapering leaf cusliions are fn^pient. The Sphenopsida contain CalamiteSy 
Asterocalamiiesy Splicnophytliim, and Cheirostrobus. 

Throughout the Low er Carboniferous there exists a variet}^ of fernlike 
leaf types with roundcHl oi* assymetrical wedge-shaped or dissected 
pinnules in which the veins dichotomize uniformly throughout the 
lamina. Some examples are AdianlitcSy AnvimHes, CardioptcriSy Cardi- 
opteridiurriy Splienopleridium.y Rhodeay lihacoptcriSy and Triphyllopteris 
(Fig. 178B). Cardiopleridium and Triphyllopieris are abundantly repre- 
sented in the Po(;ono and Price formations. Some of these genera are 
pteridosperms and others are probably ferns. 

The Lower Carboniferous ferns include ^vell-known species of Botry- 
opteriSy Clepsydropsis, Mi taclcpsydropsiSy and Stauroptrris. The pterido- 
sperms are represented by the petrified stems of Heterangiumy Rhelin- 
angiuniy CalartiopitySy and Protopitys, Associated with Hetcrangium is 
the seed Sphaeroatoma, Cupulate seeds referable to Calyrnmatotheca 
and Lagenospennum occur in the l^)cono and Price formations. 

The Lower Carboniferous gymnosperms include Pitys and related 
genera. The existence of Cordaitrs at this time is doubtful. 

The Upper Carboniferous is marked by the prevah*nce of numerous 
arborescent genera, such as LcpidodendroHy Sigillariay CalamiieSy Psa- 
roniuSj and Cordaites. Plants of smaller size were LycopodileSy Sphe- 
nophyllwriy many ferns, and most of the pteridosperms. The seed-bearing 
lycopod, Lepidocarporiy flourished then as did also members of the 
Lyginopterida(^eae and the Medullosaceae. The sphenopterids are par- 
ticularly abundant in the lower stages but the pecopterids attained 
their greatest prominence during the middle and latter part of the epoch. 
The leading fern types were the Coenopteridales and forms probably 
related to the Marat tiales. Oligocarpia and Senftenbergia suggest the 
existence then of primitive members of the Gleicheniaceae and the 
Schizaeaceae. 

The Upper Carboniferous or Pennsylvanian is the great Paleozoic 
coal age, and fossil plants have played a more important role in the 
correlation of the strata of this epoch than of any other w ithin the 
Paleozoic. In Eastern North America the Pennsylvanian is subdivided 
in ascending order into the Lee, Kanaw^ha, Allegheny, Conemaugh, and 
Monongahela series. The name **Pottsville” was once employed for 
those groups now embraced within the Lee and Kanawha, but it is 
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now used in a more restricted sense. In Illinois the division is into 
Pottsville, Carbondale, and McLeansboro, and in the Central States 
west of the Mississippi River into Morrow, Lampasas, Des Moines, 
Missouri, and Virgil series. The approximate correlations are shown in 
a table (see page 376). In Europe the three major divisions of the 
Upper Carboniferous are the Namurian, Westphalian, and Stephanian. 
The Namurian corresponds in general with the lower part of the Lee and 
Morrow of North Am(‘rica and to the upper part of the Millstone Grit 
in Great Britain. The Westphalian of Europe closely approximates the 
upper Lee, Morrow, and Allegheny and embraces the Lanarckian, 
Yorkian, Staff ordian, and Radstockian of the British Coal Measures. 
In continental Europe the Westphalian has l)een divided in ascending 
order into A, B, C, and D, which corresponds roughly but not precisely 
to the British subdivisions named above. Other names have been 
applied to these various units in other parts of Europe. The European 
Stephanian corresponds roughly to the Conemaugh and Monongahela. 
Sharp differences of opinion exist, however, concerning the exact places 
where the boundaric^s of some of the units of the Carboniferous should 
be drawn and upon the extent of correlation between certain of the units 
in North America and Europe^. On the whole it is generally agreed that 
the series of the Amcu’ican Pennsylvanian and those of the European 
Upper Carboniferous are essentially equivalent. 

Floras of Lee and Kanawha age (still collectively referred to as 
‘4’ottsville”) have been extensively studied in the anthracite coal 
regions of Pennsylvania and in the bituminous coal fields of West Virginia. 
In Canada floras of similar age exist in the Maritime Provinces. The 
flora of t he Lee scries is characterized by three zones, which are designated 
in ascending order as (1) the zone of Neuropteris pocahontas and Mari- 
opteris eremopter aides, (2) the zone of Marioptcris potisvillea and Anei- 
mites, and (3) the zone of Marioptcris pygmaea. These floral zones are 
definitely related to the Namurian and Westphalian A floras of Europe. 
The flora of the Kanawha (formerly called upper Pottsville) has at its 
base the zone of Cannophylliies {M egalopteris) , and above is the zone 
of Neuropteris tenuifoda. These two zones agree essentially with the 
Westphalian B of Europe and most of the Yorkian of Great Britain. 
Plants frequently encountered in the Kanawha are Neuropteris tenuifoda, 
N, gigantea, Alethopteris grandifolia, and species of Eremop*eris, Zeilleria, 
and M egalopteris. M egalopteris is not known outside of North America. 
In rather constant association with this genus are the broadly winged 
seeds of the Samaropsis Newberry i type and the large cuneate type of 
cordaitalean foliage assigned to the form genus Psygmophylium. In 
Nova Scotia plant-bearing groups equivalent to the Lee series are the 
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Canso and Riversdale, and above are the Cumberland and Lancaster 
groups, the equivalents of the Kanawha. 

The flora of the Allegheny, and series of similar age, are revealed in 
well-known localities in Henry County, Missouri, Mazon Creek, Illinois, 
eastern Kansas, and in Oklahoma, Pennsylvania, and Nova Scotia. In 
the lowermost levels of the Allegheny there are a few holdover species 



Fig. 179. — (A) Neuropteris Scheuchz&ri, Mazon Creek, Illinois. Natural size, {fi) 
Neuropteris rarinervis. Mazon Creek, Illinois. Natural size. 

of the late Kanawha and Pottsville, but for the most part the two floras 
are distinct. A widely distributed Allegheny species is Neuropteris 
Scheuchzeri, which has very large tap»ering or tongue-shaped hirsute 
pinnules (Fig. 179A). This species is somewhat variable and the dif- 
ferent forms are often designated by separate names. Other Allegheny 
neuropterids that should be mentioned are N. ovata (a common species 
in the succeeding Conemaugh) and N. rarinervis (Fig. 179J5). Alethop- 
teris Serin may be found at almost any Allegheny plant locality, and 
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Callipteridium SuUivantii, which is placed in Alethopteris by some 
authors, is frequent. Callipteridium is essentially like Alethopteris 
except that the pinnules are shorter in proportion to their length and 
more blunt. Pecopterids are numerous in the Allegheny, and at Mazon 
Creek the most abundant plant species is one usually identified as 



Fig. 180 . — Walchixi frondosa. Staunton formation. Middle Pennsylvanian. Garnett, 

Kansas. Natural size. 

Pecopteris Miltoni (Fig. 14). P. unitus and P. pseudovestita are also 
frequently found. The Allegheny formation contains numerous species 
of CalamUes, Sphenophyllum, Lepidodendron, Sigillaria, and other genera, 
but these as a rule are less distinctive of this epoch than the femlike 
foliage types. 

Although the Conemaugh flora has not been intensively studied, it is 
notable for the appearance of certain late Pennsylvanian species sudi as 
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Pocopteris feminaeformiSj P. polymorpha^ and Alethopteris grandini. An 
important fact in connection with the Conemaugh is the occurrence 
of coal-balls and other types of petrifactions. In Great Britain the 
principal coal-ball horizon is in the Yorkian, and numerous other petri- 
factions come from the Calciferous Sandstone. 

It was at about the middle of the Pennsylvanian epoch, or maybe 
even earlier in some places, that the first conifers as represented by 
Lebachia (WalcMa) appeared (Fig. 180). Although usually regarded as 
typically a Permian genus, Lebachia occurs in the late Pennsylvanian at 
a number of places, and in the upper part of the Missouri series (Cone- 
maugh) near Garnett, Kansas, it exists in association with Alethopteris ^ 
NeuropteriSj and other typical Pennsylvanian plants. In central 
C'olorado it occurs in rocks that may possibly be older. These early 
occurrences of Lebachia and other Permian types piobably indicate' 
local developments under conditions which were drier than those generally 
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prevailing throughout the Pennsylvanian and which foreshadowed the 
more widely spread aridity of the Permian. 

Little can be said of the Monongahela flora other than to note its 
general agreement with the late Upper Carboniferous flora of Europe. 
It possesses, in addition to species common also in the Conemaugh, 
Taeniopteris and other late types such as Odontopteris Reichij Lescurop- 
teris Moorii^ Mixoneura neuropteroides, and CalUpteris. 

Permian. — The early Permian flora is essentially an extension of that 
of the late Pennsylvanian, and in many places no sharp division between 



Fig. 181. — (.4) Gigantopteris americana. Portion of forked leaf. Wichita formation. 
Lower Permian. Texas. Slightly reduced. 

(B) CalUpteris conferta, A characteristic Lower Permian speedes. Natural size 

(C) Tingia carbonica. Lower Permian. Central Shansi, China. {After HaUe.) 
Slightly reduced. 


the two can be drawn. However, with the advance of Permian time, 
arid conditions that began to develop during the Pennsylvanian became 
more widely spread, and the effect on the flora was pronounced. The 
lush coal-swamp vegetation began to disappear and to be replaced by 
plants with smaller, more leathery, and more heavily cutinized leaves. 
The Permian in some places is marked by the presence of Giganiepteris, 
a plant with ribbonlike fronds (Fig. 181A). In North America the genus 
occurs in the '‘Red Beds’^ of Texas. It also occurs in Korea, and is 
especially abundant in the Shihhotse series of the province of Shansi in 
China. CalUpteris conferta (Fig. 181B) is another species that is used 
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as an *4ndex fossir^ of rocks of early Permian age. Other characteristic 
Permian types are Tingia (Fig. 181C) and certain species of Odontopteris, 
Calamites gigas is a Permian species that occurs in the Pennsylvanian. 
The conifers are represented in the rocks of this epoch by Lebachia and 
related genera, P^vdovoltzia, and Ullmannia. In the late Permian 
Sphenobaieraj the oldest member of the Ginkgo lin(%' made its appearance. 

The most recent of American Permian floras is that of the Hermit 
shale exposed in the Grand Canyon of Arizona. The Hermit shale has 
a thickness of nearly 300 feet and consists of thin-bedded sandy shales 
and silts wth numerous current ripples. Its color at many places is 
blood red. That this formation was deposited under conditions of semi- 
aridity is amply indicated by deep mud cracks and casts of salt ciystals. 
The climate was evidently one in which there were occasional torrential 
/rains followed by periods of drought during which the pools dried up 
’completely. This interpretation of the climate is supported by the 
characteristics of the plant remains. Th(' plants are typical x(u*()phytes 
with thick, probably heavily cutinized, oft(Ui inrolk^d leaves in which 
the veins are deeply immersed in mesophyll tissue. Many of the species 
were supplied with well-developed epidermal hairs, and the petioles and 
stems frequently bear scaUis and spines. The foliage tends to be less 
deeply dissected and smaller than in typical members of the Penn- 
sylvanian swamps. 

The Hermit shale floia is notable for the number of forms unknown 
to occur at other places. Genera peculiar to this flora include the two 
supposed pteridosperms, Supaia and Yakia, and a few others believed to 
be conifers. In Supaia the simply pinnate frond is bifurcated into 
equal divisions. The divisions are asymmetric with the pinnules on the 
outer side longer than those on the inner side (Fig. 182). The pinnules 
are linear, decurrent, show alethopteroid venation, and are longest at the 
middle of the bifurcation. They continue with diminishing length onto 
the short petiole below. Supaia is believed to be a relative of Dicroidiuniy 
a typical late Permian genus of the Southern Hemisphere. Yakia is a 
plant with large, much divided, frondlike leaves. The ultimate branch- 
lets bear rather distant, narrow, somewhat leathery lobes or pinnules. 
The fronds are often shriveled and present a skeletonlike aspect, which 
is probably the result of preservation. On the surface of some of the 
impressions believed to belong to Yakia are clusters of elongated bodies 
resembling sporangia or small seeds. They appear to be dorsally 
attached in small pits at the bases of the pinnules. Their exact mor- 
phology, however, is uncertain. 

No typical Pennsylvanian species are present in the Hermit shale 
flora and genera notable for their absence are Cordaitea and Calamites. 
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The Sphenophy Hales are represented by one species, but no undoubted 
ferns have been identified. There are a number of ancient coniferous 
genera such as Walchia, UUmanniaj Voltzia, Paleotaxites^ BrachyphyUum, 
and Pagiophyllum. Aside from its new forms, the flora contains certain 
elements found in the lower Permian of the basins to the east of the Rocky 
Mountains, and in addition species that suggest a connection with the 
lower Glmsopteris flora that succeeded the Permian ice sheets in India 
and in parts of the Southern Hemisphere. 



Fig. 182 . — Stipaia linacrifolia. {After White.) yi natural size. 

The Gbssopleris flora is very different from contemporaneous floras 
of northern latitudes. Its remains are found principally in India, 
Africa, Australia, and South America, covering the large area supposedly 
occupied by ancient Gondwanaland, and it developed in response to 
the glacial climate that prevailed over a large part of the Southern 
Hemisphere during Permian time. Whether the Olossopteris flora was 
in existence at the same time the glaciers covered the land had long been 
a question, but the recent discovery of winged spores in Australia in 
tillites evidently deposited by floating ice offers conclusive evidence that 
the flora developed during the glaciation rather than after it. 

The leaves of Ghssopteris are simple, entire, sessile or shortly petio- 
late, and spathulate to ovate or linear in outline (Fig. 183). They are 
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often borne on characteristic rhizomelike structures known as Verte- 
braria. The midrib is distinct and the arched veins form a network» 
The fructifications have not been identified with certainty. 

A constituent of the Glossoptcris flora is GangamopteriSj a plant 
resembling Glossoptrris except for, the absence of a midrib. There are 
a few lycopods and scouring rushes in the flora, and several gymnosperms 

and ferns. The silicified tree 
trunks in the Gondwanaland 
deposits show rather strongly 
developed growth rings, struc- 
tures s( Idem present in the woods 
of earlier epoc^hs. 

J^aj-tly contemporaneous with 
the Glotisopteris flora of the South- 
ern Hemisphere is the C^athaysia 
flora of Eastern China, Indo- 
China, Malaga, and Sumatra, and 
the Angai*a flora of central and 
Eastern Siberia and Mongolia. 
The Cathaysia flora is for the 
most part the older of the two 
as its lower divisions embrace the 
equivalents of parts of the upper 
Carboniferous of Europe and 
America. The youngest division 
of the Cathaysia is represented in 
the upper Shihhotse series (lower 
Permian) in the province of 
Shansi in China and in the 
Kobosan series of Korea. Char- 
acteristic genera are Gigantop- 
tcris, Lobatannularia, and Tingia, 
The later Angara flora contains many late Paleozoic types, such as 
CaUipteris, Ullmanniaj Walchia, OdoniopieriSj ThamnopteriSj Zalesskya^ 
and ancient members of the Ginkgoales. Gangamopteriopsis, a plant 
closely resembling Gangamopteris, and a member of the Angara flora, is 
suggestive of a connection with the Glossopieris flora to the south. The 
formations containing the Angara flora are not limited to the Permian, 
but include beds as late as Jurassic. 


I 



Fig. 183 . — Glossopteris Browniana. Per- 
mo-Carboniferous. New South Wales. 
Natural size. 


The Mesozoic 

Triasde. — Because of the prevailing aridity at the beginning of the 
Mesozoic era, early Triassic floras are for the most part poorly preserved. 
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The only places in North America where plants have been found in 
quantity anywhere in the Triassic are near Richmond, Virginia, in New 
Mexico, and in Arizona. Ferns and primitive cycadophytes predominate 
but there are a number of conifers and a few lycopods and scouring 
rushes. Pleuromeia^ a spectacular lycopod from the Triassic, is found 
in the Bunter (Lower Triassic) of Germany and Eastern Asia. 

The Petrified Forest of Arizona offers ample evidence that huge 
forests grew during Triassic time in spite of the unfavorable climate 
that is supposed to have prevailed generally over the, earth. The largest 
tree is Araucarioxylon arizonicum, which is believed to be an ancient 
member of the Araucariaceae. 

In many parts of the earth there are thick successions of late Triassic 
beds known as the Rhaetic . The Rhaetic is not recognized as such in 
North America, and in Great Britain it is a comparatively thin series of 
beds separating the Triassic proper from the Jurassic. But in other 
places, as in Sweden, Germany, and Eastern Greenland i^ comprises an 
extensive formation, which at places contains large quantities of plant 
remains. The largest Rhaetic floras are in Sweden and Greenland. The 
two are similar in character and are probably contemporaneous or 
nearly so. Both contain numerous ferns, cycadophytes,- ginkgos, and 
conifers along with lesser numbers of scouring rushes and lycopods. 
The Eastern Greenland flora is the larger with more than 50 species 
among which are members of the Caytoniales and one {Furciila granuli- 
fera) having apparent angiospermous affinities. During Rhaetic time 
the Ginkgo and cycadophyte lines became well estamished. 

Jurassic. — The floras of this period are widely distributed and in 
general are more adequately preseiwed than those of the Triassic. In 
some places the lowermost Jurassic is called the Lias, a term adopted long 
ago by William Smith for the Lower Jurassic rocks in Great Britain. 
The plants of the Lias are similar to those of the Rhaetic. In Great 
Britain the Upper Jurassic is known as the Oolite, and it is in the Lower 
Oolite along the Yorkshire coast that the most important of all Jurassic 
plant discoveries have been made. It was in these beds that Williarn~ 
sonia gigas and Williamsoniella were first found. These beds have also 
yielded foliage and fructifications of the Caytoniales, a group at first 
thought to be angiospermous but now believed to terminate the pterido- 
sperm line. 

The Jurassic rocks have yielded many forms of Ginkgo and related 
genera. Many of the ancient ginkgos are characterized by deeply cut 
leaves (Fig. 138). BaierUj an extinct relative of Ginkgo j has leaves 
similar to those of Ginkgo but the lamina is very deeply cut into slender 
fingerlike segments. 
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Angiosperms are first recognized with certainty in the Jurassic but 
they do not become important elements of the flora until the Cretaceous. 

The Morrison formation, placed by some in the uppermost Jurassic 
but by others in the basal Cretaceous, extends from central Montana 
through Wyoming and Colorado into northern New Mexico and eastern 
Utah. This formation is famous for the dinosaur bones it contains. 
It also yields numerous cycadeoids, the best known locality being at 
Freezeout Mountain in Wyoming. 

Cretaceous , — The Cretaceous is one of the critical periods in the history 
of the vegetable kingdom because^ it witnessed the most recent of the 
major transformations of the plant world. The best known Lower 
Cretaceous plant-bearing rocks in North America are those of the 
Potomac series of Maryland, the Lakota and Fuson formations of South 
Dakota and Wyoming, and the Kootenai formations of Montana and 
adjacent Canada. Although all these rock groups have yielded plant 
remains in considerable quantity, flowering })lants constitute an impor- 
tant element only in the Potomac series (Fig. 184). In a previous 
chapter where the proportions of the major plant groups of the Potomac 
series are outlined, it was shown that the flowering plants increase from 
a mere 6 per cent of the total number of species in the Patuxent to about 
25 per cent in the Patapsco. Some of the families believed to be revealed 
for the first time in geologic history are the Salicaceae, Moraceae, Ara- 
liaceae, Laurac^eae, and Sapindaceae. 

The Cretaceous rocks of Western (Ireenland have yielded a flora of 
exceptional interest. This flora was made known to us largely through 
the investigations of the great Swiss paleobotanist Oswald Heer who 
published between the years 18G8 and 1882 a series of volumes on 
the fossil floras of the Arctic lands. The Arctic Cretaceous floras are 
remarkable for the early appearance of a large number of temperate 
zone genera, which has led to the supposition that the Arctic served as a 
region of distribution for many of them. Modern broad-leaved genera 
include among others QuercuSj Platanus, Magnolia, and Laurus. Sequoia 
and needlelike leaves resembling Sciadopitys also occur there. 

Heer recognized four plant-bearing series in Western Greenland. 
The Kome series of the Lower Cretaceous contains a flora mostly of 
ferns and gymnosperms but there are a few angiosperms. The Upper 
Cretaceous Atane and Patoot series are in turn overlain by plant-bearing 
Tertiary beds believed to be Eocene. 

Upper Cretaceous floras that have been extensively studied in North 
America are the Raritan and Magothy of the Atlantic Coast and the 
Dakota of the Great Plains and the Fox Hills and Medicine Bow of the 
Rocky Mountains. The Raritan formation is best exposed in New 
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Fig. 184. — Dicotyledons from the Potomac series. (A) Sassafras cretaceum. (B) 
Rogersia angustt/olia, (C) Ficophyllum eucalyytoid^, {D) Aceriphyllum aralioides, (B) 
VitiphyUum crassifolium, (F) QuercophyUum tsnuinerve, {G) Araliaephyllum obtusUo^ 
bum, {After Fontaine,) Slightly reduced. 
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Jersey. It contains about 300 species of which about 200 are angio- 
sperms. The conifers number more than 50 species but there are less 
than 20 ferns and cycadophytes. Some of the genera appearing for the 
first time (outside of Greenland, just mentioned) are Magnolia, Dios- 
pyros, and Eucalyptus. The succeeding Magothy flora also has about 
300 species of which about two-thirds are flowering plants. Here we 
find remains of Liriodeiidron, Sassafras, Qucrcus, and a few monocoty- 
ledons such as grasses and sedges. 

The Dakota flora is one of the largest fossil floras known and the 
number of names embraces more than 500 species. It is said to ranges 
from Alaska to Argentina but is best revealed in Kansas, Nebraska, 
Iowa, and Minnesota, in deposits formed in a large sea that bisected 
most of North America during the early part of Upper Creta(‘r()us time. 
In sharp contrast to the Lower Cretaceous floras, flowering j)laiits com- 
prise more than 90 per cent of the species. Cycads are here n^duced to 
a mere 2 per cent, and the conifers are only slightly more. There are 
few ferns. Among the flowering plants there are numerous figs, hollies, 
tulip trees, poplars, willows, oaks, and sassafras. The number of 
species recorded for many of the genera, however, is probably in excess 
of the number actually present and future investigations of this flora 
wall doubtlessly result in numerous changes. The presence of a few 
palms indicate a rather warm climate during this time. 

The Fox Hills and Medicine Bow^ floras, which are distributed 
throughout southern Wyoming and southw^estern Colorado, indicate a 
w^arm temperate or subtropical climate. These floras contain two or 
more species of palms, a screw' pine {Pandanus), a few ferns, several 
figs, and in addition many dicotyledons now living in warmer regions. 
Sequoia is also represented. The age of the Fox Hills and Medicine Bow 
beds w'as long in doubt. Some geologists placed them in the Upper 
Cretaceous, others in the Tertiary. A recent critical study of the flora, 
however, has shown that their proper place is in the former. 

Slightly younger than the Fox Hills flora is the flora of the Lance 
formation, which is best exposed in eastern Wyoming. This flora is a 
fairly large one of 74 species, mostly dicotyledons, of which the majority 
are only distantly related to Recent genera. Some of the most distinc- 
tive species are referred to Dombeyopsis, Dryophyllum, Grewiopsis, 
Laurophyllum, Magnoliophyllum, Menispermites, Plaianophyllum, and 
Vitis. The structural characteristics of the leaves indicate a warm 
humid lowland with a climate approaching subtropical. 

The Cenozoic 

Paleocene . — In the Rocky Mountain region the Lance formation is 
succeeded by the Fort Union which, although not separated from it by 
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any pronounced unconformity, possesses a fauna and flora which is 
distinct from that of the underlying Lance. Out of a flora of about 110 
species only about 10 per cent occur in the Lance. The remainder are 
typically Tertiary and the species appear more closely related to modern 
forms than do the majority of those from the late Cretaceous. 

Eocene . — Floras of Eocene age are widely distributed throughout the 
southern and western parts of the United States and in numerous other 
places. Only a few of the North American occurrences will be mentioned. 

One of the largest and best known of Eocene floras is the Wilcox 
flora, which occurs along the coastal plain of the Gulf of Mexico from 

The Most Important C-retaceotts and Tertiary Plant-bearing Formations 
lNd Floras of North America 
(16) Citronelle, Idaho, Mount Eden 
(15) Ricardo, Ogallala 

(14) Esmeralda, Barstow, San Pablo, C’reede 
(13) Mascall, Payette, Latah 
(12) .John Day, Bridge Creek, Florissant (probable) 

(11) White River, Weaverville, Lamar River (?) 

(10) Jackson 

(9) ( Jaiborne, Puget Sound, Green River, Goshen, 
Comstock, Clarno, Chalk Bluffs 
(8) Lagrange 
(7) Wilcox 

(6) Fort Union, Upper Denver, Raton 
(5) Lance, Medicine Bow, Laramie, Denver, Fox 
Hills, Ripley, Vermejo 
Upper Cretaceous/ (4) Magothy 
I (3) Tuscaloosa 
\ (2) Dakota, Woodbine, Raritan 
Ix>wcr Cretaceous { (1) Potomac, Fuson, Kootenai 

Alabama to Texas. It contains 543 described species belonging to about 
180 genera and 82 families. The flora is typically a warm temperate one 
indicative of abundant rainfall. Conditions apparently were more 
tropical than those of the preceding late Cretaceous. 

Succeeding the Wilcox flora is the Claiborne, which is more limited 
in its extent. It suggests a climate still warmer than the Wilcox. In 
the upper Eocene Jackson flora, which succeeds the Claiborne, the climate 
reached its maximum in warmth. Palms are abundant, as well as nut- 
megs and Engelhardtia, a tropical member of the Juglandaceae. 

Other important and well-known Eocene floras of Western North 
America are the Green River of Wyoming, Colorado, and Utah; the Puget 
of western Washington and British Columbia; the Clarno of central 
Oregon; and the Comstock and Goshen of western Oregon. All indicate 
a relatively mild, equable if not tropical climate. Palms extended into 


Pliocene 

Miocene 

Oligocene 

Eocene 

Paleocenc 
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Canada during this time, and at places calcareous algae flourished in 
abundance, especially during the Green River stage. 

OUgocene. — Several Tertiary floras of Western North America that 
were formerly included in the Eocene or Miocene are now assigned to the 
OUgocene. Outstanding among lower OUgocene floras are those of the 
White River and Weaverville beds. The White River beds are admirably 
exposed in the Big Badlands of South Dakota where numerous mam- 
malian skeletons have been unearthed. The White River flora has not 
been fully investigated but it is known to contain many hardwoods, and 
in central Wyoming silicified wood showing unmistakable characters of 
Casuarina has been found. 

The Weaverville flora, in northern California, contains abundant 
remains of Taxodium and Nyssa^ which indicate a humid, warm-temper- 
ate climate. The plants are less tropical than those of the preceding 
Eocene but lived under warmer surroundings than those of the epoch 
that followed. 

Notable upper OUgocene floras are the Bridge Creek and the John 
Day in central Oregon, and the Florissant of Colorado, although there is 
some question concerning the age of the latter. The Bridge Creek flora 
contains abundant remains of Sequoia of the S. scmpervirens type and 
several other genera such as Alnus, Coruus, Corylus^ Acer^ Mahonia, 
Umbellularia, and Lithocarpus^ which at present are associated with the 
redwoods along the narrow coastal belt of northern California. In 
addition to these redwood associates there are other genera no longer in 
existence in the wild state in the west, examples being Tiliaj Fagus, 
Castanea, IJlmus, Carya^ and Carpinus. Another is the katsura tree, 
Cercidiphyllum, now confined to China and Japan. 

The plant-bearing beds at Florissant consist of volcanic ash, which 
filled an ancient fresh-water lake. Although nearly 200 species of plants 
have been identified from there, the exact age is questionable because the 
deposit is completely isolated from other sedimentary formations and 
rests entirely within a basin of volcanic rocks of unknown age. 

Miocene. — The Miocene epoch in North America was characterized 
by widespread volcanic activitjr, which accompanied the uplifting of the 
Cascade Range. This uplift gradually deprived the region to the east- 
ward of a large share of its rainfall. The oldest Miocene floras of this 
area indicate a moist and fairly mild climate, but increasing aridity 
accompanied by a marked elevation of the land surface is progressively 
revealed by the later floras. 

Plant-bearing formations of Miocene age are widely scattered through- 
out the Columbia Plateau and Great Basin regions of Oregon, Washing- 
ton, western Idaho, northern California, and Nevada. Other Miocene 
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floras of lesser importance are the Alum Bluff of the Gulf Coast and the 
Brandon lignites of Vermont. The flora of the Lamar Valley in Yellow- 
stone National Park is generally regarded as Miocene although the 
correctness of the age determination is often doubted. Recent authors 
believe it to be no younger than lower Oligocene or possibly as old as late 
Eocene. 

A flora believed to be Miocene but retaining many earlier elements 
is the Latah, which is revealed at a number of places in the vicinity of 
Spokane, Washington. Among its members are Cebatha (originally 
identified as Populus), Cedrda^ DiospyroSy Ginkgo, Pinus, Liriodendron, 
Keteleeria, Nyssa, Laurus, Salix, and Taxodium. 

The Mascall flora, which succeeds the Bridge Creek in central Oregon, 
contains fewer redwood associates. Instead there arc species of Acer, 
Quercus, Populus, Arbutus, Platanus, Oreopanax, and others of which 
the living equivalents occur either at the borders of the redwood zone or 
in placets where the moisture supply is more limited. As the Cascades 
continued to rise, the redwoods and their associates disappeared com- 
pletely from the inland areas. 

Pliocene , — During the Pliocene epoch conditions east of the Cascade 
Range were on the whole unfavorable for the growth of dense forests and 
for the preservation of their remains. The areas that supported the 
luxuriant forests of the early and middle Miocene now bore trees mainly 
along the streams. A few '^^olcanic ash deposits contain leaves of such 
genera as Alnus, Populus, Platanus, and Salix. During this time many 
broad-leaved genera such as Carpinus, Fagus, Ginkgo, and Tilia dis- 
appeared from Western North America. 

An important Pliocene flora has recently been described from the 
Mount Eden beds in southern California. It indicates a limited supply 
of rainfall and shows that the segregation now expressed by the floras of 
northern and southern California was in existence during Pliocene time. 
The Weiser flora of southwestern Idaho indicates a mild climate with 
dry summers and an annual rainfall of 20 to 30 inches. Conditions were 
probably less humid than in the preceding Miocene epoch but warmer 
and more moist than at present. 

Of the few Pliocene floras of North America outside the Western 
States, the Citronelle of Alabama is the best known. It contains about 
18 species, a few of which live in that region at present, and others 
which live near by. Fruits of Trapa (the water chestnut) are present. 
This represents the latest known occurrence of this Old World genus in 
North America except in areas where it has been recently introduced. 

Pleistocene , — Remains of the vegetation of this epoch are preserved 
in unconsolidated stream and lake deposits and in peat bogs. Near 
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Toronto, Canada, a large flora of modern species is present in the thick 
mud bed that was laid down in the bottom of Lake Ontario when its 
level was higher than at present. 

Plants have been found in the frozen Pleistocene muck at Fairbanks, 
Alaska, and at other places. Only modern species are represented. A 
Pleistocene flora on Santa Cruz Island off the coast of southern California 
contains Cupressus goveniana^ Pinus radiata^ Pseudotsuga taxifolia, and 
Sequoia sempervirenSy thereby shomiig that these species once extended 
several hundred miles south of their present range. 

The last remaining link between the floras of the past as described 
in the foregoing chapters and that of the present is revealed by plant 
remains in peat bogs of post-Pleistocene origin. This subject, however, 
belongs more fittingly to Recent botany, inasmuch as it is directly con- 
cerned with the distribution and climatic relations of modern species. 
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CHAPTER XV 


FOSSIL PLANTS AND ENVIRONMENT 

In order to achieve the fullest possible understanding of ancient plant 
life consistent with the fragmentary fossil record, it is necessary that 
some attention be given the environment under which the plants grew. 
Although the problems of ancient environments are difficult and in most 
instances impossible of more than partial solution, many inferences 
bearing on probable environments can be drawn from the distribution and 
structural modifications of ancient plants. Plants are sometimes called 
the thermometers of the past, which the.y are when their temperature 
requirements are known, but with most extinct species these requirements 
can only be inferred from what is known about the climatic relations of 
those living species which they most closely resemble. When living 
species are found in the fossil condition, we assume that they grew under 
conditions similar to those required by the species at present. Living 
species, however, decrease in numbers as we delve into the past and very 
few can be recognized in rocks older than Tertiary. Cons(^quently the 
same criteria of climatic adaptations cannot always be iisc'd for both 
extinct and living species. 

Geological history is punctuated with climatic fluctuations of major 
proportions. There were times when much of the surface of the earth 
was covered with ice, and at other times luxuriant vegetation thrived 
almost at the poles. The most intensive glaciation occurred during the 
pre-Cambrian, the Permian, and the Pleistocene. We known little of 
the effect of the pre-Cambrian glaciation upon vegetation because no 
land plants have been found in the rocks of this era. The Permian ice 
sheet, however, changed the aspect of the flora over the entire earth 
through the eradication of the majority of the Paleozoic coal-swamp 
plants and their replacement by more hardy types. The Pleistocene 
glaciation caused widespread changes in distribution and composition 
of modem floras as may be readily seen in the late Tertiary and Recent 
floras of places where they can be compared. 

Paleozoic Environments 

Varieties of climatic conditions existed in the long intervals between 
the periods of major glaciation. By late Devonian time plants appar- 
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ently adapted to temperate climates had spread to the Arctic. On Bear 
Island and in Ellesmere Land there are plant beds containing Arclmeop- 
teris, large lycopods, strange sphenopsids, and others that would appear 
ill-adapted to prolonged freezing temperatures and a land surface covered 
with ice throughout most of the year. Coal seams also occur in the 
fossiliferous strata on Bear Island. 

There is evidence that there were seasonal changes during Upper 
Devonian time comparable to those of temperate North America today. 
Rings believed to be true annual rings occur in some Upx:)er Devonian 
woods, the best examples being in Callixylon erianum (Fig. 185) from the 



Ficj. 185 . — Callixylon erianum. Stem showing well developed growth rings. Upper 
Devonian. Erie County, New York. X 


Genesee shale of western New York. In a stem 4.6 cm. in diameter there 
are five complete rings. Similar layers are found in C. Newherryi from 
the New Albany shale. Additional evidence of mild winter weather is 
supplied by marks in certain Upper Devonian sandstones and shales 
believed to be the imprints of ice crystals. 

The presence of annual rings in Devonian woods is especially signifi- 
cant in view of the fact that they are often absent in woods of the ^^Coal 
Measures . Dadoxylon romingerianunij a cordaitean wood from the 
middle Pennsylvanian of Ohio, shows near uniformity of growth in a 
radial extent of 6 cm. (Fig. 186). Likewise, D. douglasense, from the 
Virgil series of Kansas, is without true rings although to the unaided eye 
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there are indefinite layers of slightly crushed cells that bear a superficial 
resemblance to rings. On the other hand, some woods of the Middle 
Carboniferous show ring development. Specimens of Cordaites maier- 
iarum and C. receniium from Kansas have rings varying from 3 to 8 mm. 
wide. In neither of these, however, arc the rings sufficiently strong to 
suggest anything more than minor climatic variations, probably intervals 
of moisture deficiency rather than changes in temperature. 



Fig. 186 . — Dadoxylon romingerianum. Secondary wood showing piaotically uniform 
growth over a radial distance of about 3.5 centimeters. Middle Pennsylvanian. Coshoc- 
ton, Ohio. X 2}^, 

In marked contrast to the fairly uniform growth of trees of the coal 
period, those which grew during and immediately following the Permian 
glaciation show strongly developed rings. In a stem of Dadoxylon from 
the Falkland Islands they are as pronounced as in modern trees (Fig. 187). 

Investigators have long hoped that an examination of structurally 
preserved leaves would throw more light on questions of Paleozoic 
ecology, but the results have not been conclusive. Such features as 
epidermal outgrowths, size and number of intercellular spaces, arrange- 
ment and position of the stomata, cuticularization, and inrolling of the 
margins of the leaves are known to have definite environmental correla- 
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tions in living plants but the degree of correlation is often peculiar to a 
species. Only under extreme aridity, salinity, exposure to high winds, 
or other strenuous conditions do any of these features show specialization 
to the extent of being conspicuous. The tolerance of structural varia- 
tions under normal conditions of temperature and moisture is large, 
and different spi^cies in a similar habitat may show considerable variety 
of structure' with n'spcK^t to the features mentioned. Most Paleozoic 
leaves of which the structure is known would apparently survive very 
well under modern north temperate zone conditions such as prevail in 
the eastern or southern portions of the United States or along the Pacific 



Fk;. 187. Gyiiiiiospermous wood showing numerous sharply defined growth rings. 

Penno-Carboniferous. Falkland Islands. X 2.12' 

Coast as far north as Alaska. They show no special adaptations to 
subdued light, high temperatures, or excessive humidity. Seward makes 
an appropriate statement: Broadly speaking we see no indication that 
these leaves were exposed to any condition of climate other than such as 
now obtain.” 

Whether temperate vegetation existed continuously in the Arctic 
from the Devonian into the Coal Measures is a moot question, but 
in the Lower Carboniferous (Culm) of Spitzbergen and Northeastern 
Greenland Stigmariae and Lepidodendron trunks 40 cm. in diameter are 
on record. From Coal Measures time until the middle of the Permian 
moderate climates with only minor interruptions prevailed. We know 
little of Arctic conditions during the late Permian, but judging from what 
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is known of the Southern Hemisphere during these times there is no 
reason to doubt that temperatures Avere much lower than during the 
preceding epochs. 

Climates throughout most of the Carboniferous period must have 
been very favorable for plant growth. That they were moist and rainy 
can hardly be questioned, but data bearing on possible temperatures 
are more debatable. 

The theory that the Carboniferous coal beds were deposited under 
tropical conditions was advocated by the German paleobotanist II. 
Potoni^ who based his contention on three main arguments. In the 
first place he believed that the abundance of fernlike plants indicated 
tropical surroundings because of the prevalence of ferns in Recent 
tropical forests. His second argument w^as the apparent absence of 
annual rings in Carboniferous trees, and his third w as the proximity in 
many Carboniferous plants of the fructifications to the stems. 

Concerning the abundance of ferns as indicators of tropical conditions, 
the mere presence of fernlike plants in the Carboniferous is not in itself 
a reliable climatic indicator because of the remote relationship between 
any of the modern ferns and the Carboniferous species. Furthermore, 
present-day ferns grow' in profusion in some places that are not tropical. 
In New' Zealand, for example, fern forests extend to w'ithin a mile of the 
foot of the Franz Josef Glacier and Approximately at the same elevation. 
We have already seen that growth rings are not entirely absent from 
Carboniferous trees. Their sparse development may indicate a generally 
equable climate but they are not proof of tropical conditions. With 
respect to the position of the fructifications of Carboniferous plants 
which Potoni^ believed w'as contributing evidence of tropical climates, 
we can only say that here again the relationships of the plants taken as 
examples are too remote from living ones to prove anything. Moreover, 
we know that in many Carboniferous plants the fructifications were 
not borne close to the stems, as is shown by the seeds of the pterido- 
sperms or the sporangia of Asteroiheca and Ptychocarpus, 

Probably the strongest argument against tropical climates during the 
formation of the Carboniferous coal beds is the fact that temperate or 
cool climates at the present time furnish the most suitable environment 
for the accumulation of peat. Peat does form in tropical surroundings, 
but not on the large scale found in regions of lower temperatures. Except 
under extremely favorable circumstances for preservation, plant debris 
decays rapidly in the tropics, expecially if there is an annual dry sea- 
son when the surface water evaporates. Extensive peat deposition 
is more of an indication of high humidity and heavy rainfall than of 
high temperatures. 
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Some of the most extensive peat deposits at present are found in the 
subarctic, examples being the tundras of Siberia and the muskegs of 
Alaska. In these prevailingly flat but slightly undulating areas the 
ground is covered to considerable depths with soggy, waterlogged vege- 
table matter. Drainage is poor, even on sloping ground, and there are 
numerous small lakes without inlets or outlets. Probably 80 per cent of 
the plants are mosses belonging to the genus Sphagnum which form the 
spongy substrate, and in these arc rooted dwarf flowering plants of the 
heath family (Chamaedaphnie). Underneath the surface layer is a layer 
of well-formed peat, which may extend in some instances to a depth of 
30 feet. Were the land surface to subside and were these tundras and 
muskegs to become inundated with sediment-bearing waters, they would 
furnish an ideal vsituation for the formation of coal beds. 

Conditions in the Alaskan muskegs do not approximate those of the 
C'arboniferous coal swamps as concerns vegetation types because all 
evidence points to heavy forestation of the latter. But they do show 
that there can be extcuisive accumulations of plant material in cold 
climates where th('. temperatures may be below freezing for much of the 
year. 

There is very little doubt that all the major Carboniferous coal beds 
were laid down at elevations not far above sea level. This is indicated 
by the fact that the strata making up the formations lie nearly parallel 
to each otlau* and that there arc frequent layers containing marine faunas. 
Studies in the large coal-bearing areas of east central North America 
have revealed rather well defined sedimentation cycles beginning with 
deposition of sandstone and sandy shales following an uplift succeeded 
by erosion. Following this initial deposition of coarser sediments there 
is a long period of stability during Avhich the surface became weathered 
and drainage became poor, with the consequent formation of underclaj^ 
(Stigmaria clay). Heavy vegetation covered the ground and drainage 
was further impeded. This resulted in the formation of innumerable 
swamps varying greatly in extent in which peat accumulated. Further 
lowering of the land surface allowed flooding of the whole or a large part 
of the area, and the peat became covered with fine mud bearing much 
organic matter and with plant fragments from the vegetation that still 
persisted along the borders of the flooded areas and the higher places. 
When the last step in the sedimentation cycle began, salt water flowed in 
and killed the remaining land vegetation. Marine organisms replace 
land plants in the deposits formed at this stage. Calcium carbonate was 
deposited from the sea water, first forming calcareous shale and later 
limestone. At the same time the sea water seeped downward into the 
underlying peat where, the minerals in solution encountered sulphurous 
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gasses issuing from the buried plant material. As a result of this inter- 
action, we find, both in the coal and above it, coal-balls, bands of iron- 
stone nodules, phosphatic concretions, and other manifestations of 
chemical activity. These cycles were not always carried out to comple- 
tion. In many places the marine stage is lacking with fresh-water 
deposits succeeding the coal beds. Even the coal itself may be absent 
if the underclay stage happened to be followed either by elevation and 
erosion or by immediate inundation. 

Although the Carboniferous coal swamps were situated near sea level, 
the inference is not made that there were no permanently elevated land 
masses during that time. In fact, the sediments that filled the swamps 
(aside from the vegetable matter) were mostly derived from higher land. 
The outlines of these ancient land masses are largely hypothetical, but 
of major importance in the formation of the coal-bearing strata of Eastern 
North America was Appalachia, a land mass to the east of the present 
Appalachian uplift. Likewise, Llanoria supplied a goodly share of the 
sediments of the central part of the continent, and in central Colorado 
extensive Pennsylvanian deposits were formed at the foot of the Ancestral 
Rockies, which occupied the approximate position of the present Front 
Range. In Europe the great coal fields of Upper Silesia, Westphalia, 
Belgium, Northern France, and England were laid down to the north of 
the high Variscan-Armorican Mountains, which during the Carboniferous 
period extended from Germany through central France and into Ireland. 

The effect of these low-lying swamp-filled basins upon the climate 
of the times was profound. With so much of the land surface near sea 
level, an “ oceanic climate prevailed over the greater part of those 
portions of the earth now having ‘‘continentaU^ climates. The moisture- 
laden winds encountering the mountains caused heavy precipitation and 
rapid erosion, all of which provided suitable environments for copious 
vegetable growth and ideal situations for preservation. Seasonal 
changes were moderate over the entire earth and climatic zones were not 
clearly marked. 

Mesozoic and Cenozoic Environments * 

Climatic conditions during the Triassic, Jurassic, and Cretaceous 
were on the whole quite favorable for plant growth although there is 
evidence of moisture deficiency during the early part of the era. 

The late Triassic (Rhaetic) of Eastern Greenland has yielded a large 
flora of ly copods, ferns, pteridosperms (Caytoniales), cycadophytes, 
ginkgos and conifers, and in the Jurassic rocks of Franz Joseph Land, 
one of the most northerly outposts for pre-Cenozoic plants, there is a 
diverse assemblage of ginkgoalean types. A flora containing several 
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cycads, ginkgos, and conifers is also found north of the Arctic Circle at 
Cape Lisburne in Alaska. Similar plants occur in deposits believed to 
be of Jurassic age in the Antarctic Continent within 4 deg. of the South 
Pole. 

A phenomenal development of later Arctic plant life is revealed in the 
Cretaceous rocks on Disko Island off the western coast of Greenland 300 
miles north of the Arctic Circle. Of all Arctic floras of all ages this one 
is probably the most remarkable, as it shows an extensive northerly range 
of many modern warm-temperate types. The fossiliferous beds consist 
of shales, coal seams up to 4 feet in thickness, and sandstones all inter- 
leaved between massive sheets of basalt. The exact age of the plant 
beds has not been worked out with the same precision as in some other 
places, but from all available evidence they are nearly contemporaneous 
^^^th the Wealden series of ICurope. The over-all range is probably from 
early to late Cretaceous. Among the plants in these rocks are the leaves 
and fruits of Artocarpus^ the breadfruit tree, and representatives of the 
Magnoliaceae, Lauraceae, Leguminosae, Platanaceae, and Fagaceae. 
In addition, there are several ferns and conifers including Sequoia, 
Such a flora at present could not thrive where the temperatures stayed 
l)elow freezing for more than a few hours at a time, and although the 
plants might have been adapted to lower temperatures than their 
Recent relatives, they could not have existed in a climate such as Green- 
land has today. Being contemporaneous with or maybe only slightly 
younger than the Lower Cretaceous Potomac flora of the Eastern United 
States, it far exceeds the latter in number of types represented and 
presents strong evidence that the Arctic was probably the original center 
of dispersal of modern north temperate zone floras. 

This luxuriant flora of dicotyledons and other plants at present 
restricted to lower latitudes persisted in the Arctic into the Eocene, but 
then we notice a gradual shift southward and their replacement by more 
hardy species. This recession toward the lower latitudes is well shown 
by the sequence of fossil floras along the western border of North America. 
If we select a given region, such as Washington or Oregon, and note the 
succession, we find in the Eocene rocks an abundance of palms and 
dicotyledons wdth large leaves having entire margins. By comparison 
with recent floras these plants must have endured an annual rainfall of 
not less than 80 inches and uniform temperatures free from frost. Such 
a climate now prevails in parts of Southern Mexico and Central America 
at elevations below 5,500 feet. But the contemporary Eocene floras in 
Alaska contain maples, birches, poplars, willows, sequoias, and a number 
of other more northern genera. 

In the Miocene of Washington and Oregon the Eocene species are 
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replaced by others suited to less rainfall and lower temperatures. The 
sequoias have arrived from the north and they are accompanied by alders, 
tanbark oaks, and other plants, which are at present a part of the redwood 
association. This migration of floras marks the establishment of Sequoia 
in its present locations. 

The Problem of Distribution 

Two far-reaching problems facing the paleoecologist are (1) an 
explanation for the existence of similar floras on opposite sides of wide 
ocean basins, and (2) a reasonable explanation for the existence at 
several times during the past of lush vegetable growth in the north- and 
south-polar regions now covered with ice and snow for the greater part 
or all of the year. Both of these are closely related and will be dis- 
cussed together. Two theories have been proposed as possible answers 
to the first. I^and bridges have been postulated as having connected at 
various times areas now remote from eatdi other. Some of these bridges, 
if they ever existed, spanned wide ocean basins now thousands of feet 
deep. There is circumstantial evidence that Europe and North America 
were connected by a land bridge linking Great Britain with Iceland, 
Greenland, and Eastern Canada. During the late Paleozoic era the 
hypothetical land mass called Gondwana land supposedly provided direct 
connections between South America, Africa, India, and Australia over 
which the Glossopteris flora w'as able to spread. Land bridges of lesser 
extent existed during the later periods between Madagascar and Africa 
and between Siberia and Alaska. It was across the latter that many 
plants and animals, possibly including man, reached the North American 
continent during the Cenozoic. 

As a counter proposal to the land bridge theory is the theory of 
continental drift proposed by the late Alfred Wegener. According to 
Wegener^s hypothesis, disjunct land areas containing similar geologic 
features were once continuous, and have drifted apart as a result of great 
rifts in the crust of the earth. Thus Gondwanaland consist-ed of what 
is now South America, Africa, peninsular India, and Australia lying 
adjacent to each other as one continent. Similarly North America and 
Europe were once adjoining land masses, and the separation of the two 
continents formed the Atlantic Ocean. 

Wegener’s hypothesis, if it could be proven, would go far toward 
explaining some of the major problems of plant and animal distribution 
during the past, and the occurrence of temperate zone fossils in the 
Arctic would rest on the assumption that the lands bearing these extinct 
floras have merely drifted to their present northerly locations. On the 
basis of present knowledge, Wegener’s hypothesis or a modification of it 
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offers the only explanation for certain distributional phenomena. On 
the other hand, many or perhaps the majority of geologists reject the 
theory as improbable or even fantastic. It is claimed on good authority 
that the known forces causing deformation of the crust of the earth are 
wholly inadequate to move continents the distances necessary to satisfy 
the requirements of the theory, and although it may appear to offer the 
answer to certain questions, there are others for which it is entirely 
inappropriate. 

In order to explain certain facts of plant distribution Wegener, in 
collaboration with Koppen, supplemented the theory of continental 
shifting with the additional assumption that the poles are not per- 
manently fixed, and that they have moved from time to time. This 
idea, which may seem plausible in light of certain facts, collapses com- 
pletely when applied to others. The theory of shifting poles prescribes 
that during Eocene time the North Pole was located in the North Pacific 
Ocean some 1,500 miles south of the Kenai Peninsula and 2,000 miles 
wvHt of the present Oregon coast. With the pole situated thus, Spitz- 
bergen is brought well within the north temperate zone, and no climatic 
hurdles need be overcome in explaining the presence of temperate zone 
plants in the Eocene rocks of that island. But the theory fails to take 
into account the a(‘,tual distribution of Eocene plants, which is circum- 
polar and not congregated on the Siberian side of the Arctic Ocean. It 
is true that Spitzbergen represents a slightly more northerly extension of 
th(‘se floras than is to be found in the American Arctic, but to move the 
pole to the proposed location would subject the subtropical floras that 
thrived in Oregon during the Eocene to a climate still more unfavorable 
than they would find in Spitzbergen at the present time. As Chaney 
says: ^^In taking care of their own Tertiary forests, certain Europeans 
have condemned ours to freezing.^' 

If the Wegenerian hypothesis of continental drift fails for lack of 
sufficient causal forces, and the shifting of the poles is opposed by well- 
established phytogeographical and astronomical evidence, what are the 
explanations that can be put forth to account for the repeated advance 
and recession of floras toward and away from the poles at several places 
in the geological series? In approaching this problem one is compelled, 
it seems, to seek first of all a thorough understanding of the causes and 
controlling factors underlying present climatic conditions over the earth. 
Foremost is the amount of heat received from the sun. An increase in 
the amount of radiant energy from the sun would result in a warmer 
earth, but an increase sufficient to bring about temperate conditions in 
the Arctic would render life impossible in the tropics. But we know 
that the effect of solar radiation is modified on a large scale by convection 
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currents, which in turn are influenced by size and elevation of land 
masses and the direction of ocean currents. Alterations of any of 
these might result in far-reaching climatic changes. It has been cal- 
culated that the lowering of the mean annual temperature by only a few 
degrees Fahrenheit over the Northern Hemisphere would be sufficient to 
bring another ice age over most of North America, and that a corre- 
sponding rise would cause most of the Arctic ice to melt. Melting of 
great continental ice masses causes ocean levels to rise with a correspond- 
ing reduction in continental size and elevation. Both of these in turn 
tend to bring about further climatic amelioriation. The noticeable 
recession of the glaciers on the mountain slopes of Western North America 
indicates that our present climate is changing and that the next geologic*, 
epoch may herald another invasion of temperate zone plants into the* 
Arctic. Our present climate, which because of a certain amount of 
inevitable bias we are inclined to regard as a normal’^ climate, might 
not be the prevailing one were the heat received from the sun the undis- 
turbed governing factor. With more uniform elevation of land surfaces, 
and a greater equality in distribution of land and water, climatic dif- 
ferences between high and low altitudes would unquestionably be less 
pronounced than they are at present on this earth of hugh oceans and 
continents and lofty mountain ranges. The C^i‘boniferous coal-swamp 
climate with its equable temperatures and heavy precipitation was 
probably the nearest approach to a normal climate the world has ever 
seen. Where global climates are concerned, a very delicate balance 
exists between causal factors and effects, and slight changes in topog- 
raphy or shape or elevation of the dominant land masses may be expected 
to have far-reaching consequences. 
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CHAPTER XVT 


PALEOBOTANICAL SYSTEMATICS 

The names of plants and animals hav(' made up a lai'ge part of man^s 
vocabulary as long as he has used language. He, however, uses many 
languages, but because science transcends racial lines and national 
boundaries it is necessary for users of scientific terminology to have 
some medium of common understanding. In chemistry this result is 
achieved by the use of standardized symbols for the elements, symbols 
that have the same meaning in any tongue. Biologists have attained 
this end by giving Latin and Greek names to all species of plants and 
animals, and in this way the confusion and lack of understanding that 
would result from the exclusive use of local or vernacular names is 
avoided. Language standardization, however, is only a partial solution 
to the intricate problems that arise, so in order that the greatest possible 
uniformity be brought about in the naming of plants and animals, they 
are named according to standardized rules which have been generally 
agreed upon. The rules used by botanists are different from those of 
the zoologists, and although the general plans of procedure outlined by 
both s^its of rules are similar they differ in numerous details so that those 
pertaining to one group of organisms cannoUbe applied to the other. 

Rules of Nomenclature. — Plants, both living and fossil, are named 
according to the Internatiojial Rules of Botanical Nomenclature^ which 
were drawn up at the International Botanical Congress held in Vienna 
in 1905. These rules constitute the Vienna Code, which was founded 
upon an older code formulated in Paris in 1867. The Vienna Code was 
modified at Brussels in 1910, at Cambridge in 1930, and again at Amster- 
dam in 1935. These modifications do not alter the basic scheme of the 
code, but consist of amendments, additions, and special provisions found 
necessary due to the expansion of botanical science over this period. 
The Vienna rules furnish the essential groundwork for the naming of 
fossil plants, but the peculiar circumstances brought about through 
fossilization have made gertain modifications necessary. Difficulties 
in strict application of the rules still exist, however, and it is expected 
that further changes will be made in the future. Violation of the Inter- 
national Rules by paleobotanical authors almost always causes confusion. 
Some authors, particularly those trained primarily in animal paleon- 
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tology, arc prone to follow the procedure outlined for zoologists. In 
some eases editors of geological or paleontological journals who are 
unfamiliar with botanical rules insist on adherence to editorial policies 
that are not in accord with botanical practice. To such editorial insist- 
ence the author would strenuously object. 

It is not the purpose of this chapter to describe the International 
Rules, but rather to point out some of the special provisions that have 
been made for fossil plants, and to discuss some of the problems that 
frequently arise in connection with the application of the rules to them. 

Phc Species. — The unit in classification is the species^ which is expressed 
in taxonomic language as the second term of a binomial. The impli- 
cations of the term “species’^ are relative and are not absolute entities. 
For example, the French botanist, de Jussieu, defined a species as “the 
perennial succession of similar individuals perpetuated by generation.’’ 
Pool has recently stated the; same idea in the following words: “A group 
containing all the individuals of a particular kind of plant that exist 
now or that existed in the past, no matter where they were or where they 
may now be found.” In the first definition the “similar individuals,” 
and in the second “the individuals of a particular kind” are the variables. 
Under the ancient dogma of special creation whereby every “species” 
was supposed to have been designed independently of all others, these 
definitions would have presented no special difficulties, but because of 
the multitudinous variations that are constantly arising in the biological 
world due to hybridization, the effect of environment, and genetic factors 
of various kinds, and also to the fact that some of these variations are 
inherited and others arc not, the rigid boundaries that species were once 
supposed to possess do not exist in many cases. For this reason it has 
become customary to speak of the “species concept,” Avhich of course 
is a simple admission of the fact that a species cannot be arbitrarily 
defined, and gives it whatever latitude is necessary. 

In paleobotany as in modern botanj^ the species name has the primary 
purpose of serving as a title for reference. The title may be used either 
to identify an individual with the larger group of which it is a part, or 
in a more inclusive way to designate the whole group of similar individuals 
as a unit without reference to any particular individual. For example, 
one may say, “This is a specimen of Neuropteris Schlehanij^^ for the 
purpose of identifying the individual, or Neuropteris Schlehani ranges 
from the Millstone Grit to the Yorkian,” thereby referring not to one 
individual but to the whole group. A plant binomial, therefore, is not a 
name like John Smith to which the individual has exclusive claim. 
John Smithes taxonomic name is Homo sapiens. 

According to the species concept those individuals which possess 
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certain demonstrable characters in common are grouped together. 
Just which of the characters possessed by the individual are to be con- 
sidered as pertinent to the species is a matter of which the investigator 
alone is the judge, and this is where the human factor enters strongly 
into the matter of specific delimitations. There are those, the so-called 
“ splitters, who would segregate into separate species individuals showing 
the most minute differences. Such procedure, if carried to its logical 
extreme, would ultimately result in a separate species name for each 
individual. The ^Tumpers,^’ on the other hand, arc so (^ons(*ious of the 
resemblances between organisms that they are reluctant to distinguish 
separate species except on the basis of very pronounced differences. 
The ^Tumpers’^^ species, therefore, tend to be large and unwieldy, and 
the descriptions are often in general terms lacking precision. Usually 
the most enduring results are produced by an intermediate course that 
avoids extremes. The splitters accuse the ‘‘lumpers’' of being obliv- 
ious to the differences between organisms, and the latter charge the 
former with being hypermeticulous. The point of view of the “lumper” 
is often most favored by cataloguers, textbook writers, and others who 
have occasion to make practical use of the results, because its effect is 
to reduce the numVjer of names to be used and it tends toward a simpler 
classification. The evils attending excessive “lumping” and “splitting” 
may be appreciated in a situation where some groups of organisms of two 
successive geological horizons are being monographed, one by a “lumper” 
and the other by a “splitter.” The combined results -might give an 
entirely erroneous picture of the evolution of that group throughout 
those two periods. The effects of this are probably more noticeable in 
animal paleontology, where large numbers of invertebrate forms are 
described, which reveal obvious cA^olutionary trends from one age to the 
next. 

Some Guiding Principles . — Although it is neither possible nor desirable 
to eliminate the element of personal judgment from paleobotanical 
nomenclature, thcvdifficulties that often arise from it would be materially 
lessened were autliors always conscious of the benefits to be gained by 
adherence to certain principles, some of which are as follows: 

1. Taxonomic writers should cultivate a sympathetic attitude toward 
the expressed and implied provisions of the rules as they have been set 
forth. The sole purpose of the rules is to produce uniformity and to 
prevent confusion. Failure to comply with them is usually the outcome 
of ignorance or indifference but sometimes of prejudice. Because the 
rules are drawn up at international gatherings of botanists they tend to 
be formal and arbitrary, and special cases often develop from one^s 
individual research wherein the exact procedure to be followed may not 
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be explicitly prescribed. Under other circumstances the investigator 
may feel that strict adherence to the rules is pedantic and that he is 
justified in setting some particular provision aside. Intentional violation 
can hardly be condoned under any circumstances, but there may be 
times when the individuaFs best judgment may dictate a course seemingly 
at variance with them. Under such conditions the author should explain 
the situation fully and give the reasons for the procedure he chooses to 
follow. In this way readers arc less likely to l)e misled as to his ultimate 
intentions than if no explanation is ott'cu-c^d for what may seem to be a 
taxonomic anomaly. On the other hand one should always bear in mind 
that names and diagnoses not drawn up as si)eciried are subject to 
abrogation ])y subsec luent writers. 

2. C'harac'.ters used to distinguish genera and species should prefer- 
ably be those which are revealed through the sim])lest techniques. With- 
in recent y(‘ars studies of the cutinized epidermis have revealed important 
facts concjcuTiing the affinities of certain fossil leaf types, especially those 
of the cycads and conifers. But in making routine field and laboratory 
determinations it is seldom possible to (examine the cuticle, and in fact 
it is rare that this structure is sufficiently preserved for examination at 
all. While efndermal fragments may sometimes appear to furnish a 
sound basis for taxonomic categories, in many plants preservation 
imposes a limiting factor. However, spores, epidermal fragments, and 
other microscopic objects obtained by maceration may be classified 
and named ac^cording to whatever scheme may seem most desirable. 

3. Specimens so fragmentary or so poorly preserved that their 
essential morphological features are undeterminable should not be 
given new name's. The older literatures is replete with figures of casts 
lacking diagnostic surface markings, bark imprints, anei compressions of 
stem and leaf fragments, which can be neither aeleeiuatel.y described nor 
satisfactorily compared v ith organs with known affinities. To describe 
an object as nenv merely because it is too poorly preserved to permit 
identification scarves no useful purpose. 

4. New pi'oposals (gcuiera and species) should be made to fit, if at 
all possible, into existing groups. New genera or species should not be 
created unk^ss there are good reasons for doing so. Taxonomic literature 
contains hundreds of generic and specific names which are unnecessary 
and which arc never used. However, if inclusion of new material in 
existing genera and species would expand them beyond reasonable 
limits, one should not hesitate to institute new groups. On the other 
hand, a genus or species should never be broken simply because it is large. 

5. Seldom should one attempt the revision of an entire group of 
plants (for example a genus or family) unless he has access to or is familiar 
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with the greater part of the material which has been previously assigned 
to that group. A single museum collection, no matter how well the 
specimens are preserved, is seldom adequate to make one an authority 
on the whole group, especially if it is a large one. Special reticence 
should be exercised when it comes to passing judgment on species not 
^^'ell described and figured when the original specimens have not been 
examined. Newell Arbor’s attempt to rc^vise the genus Psygmophyllum 
is a concrete example. After examining a few specimens he concluded 
that the leaves are spirally arranged in all members of the genus, and he 
further i)roposed to iiudude within it Archaeoptcns ohtusaj known to him 
only from the rather crude figures in Lesquereux’s '^Coal Flora.” But 
had he been able to examine the original specimcui of A . ohtusa, he would 
have seen that the leaflets are in two ranks. C'onsequently his revision 
fails completely with respect to this essential point. A much abused 
privilege is that of reducing names to synon.ymy on cursory evidence, 
especially when proposed in foreign countries or applied to specimens 
not well figured. 

Naming Fossil Plants. — The basic purpose in naming a fossil plant is 
the same as when naming a living plant, and that is to supply a universal 
and generally applicable means of reference. Other than being merely 
a name, the binomial should preferably possess a definite meaning and 
should be so constructed that it can be translated directly into a phrase 
in some modern tongue. For this reason it is important when construct- 
ing binomials to heed such grammatical attribute's as number, gender, 
and case of the names to be used. Technical names arc written in either 
Greek or Latin, with care being taken that the root word and prefixes 
and suffixes are from the same language. An example of a ^Svord hybrid ” 
is Protoarticulataej Avhic^h was intended to designate certain ancient 
representatives of the scouring rush class, and which is a combination 
of the Greek protos and the Latin articulatus. It is of course permissible 
to construct generic and specific names from words unrelated to Latin or 
Greek if Latin endings can be attached. Thus we have generic names 
such as Dawsonites and Zalesskya, and specific epithets as Smithii and 
KnowUonii. The generic name is always a noun in the singular written 
with a capital letter, and usually denotes some prominent feature of the 
plant or some person associated with it. The specific name may be an 
adjective agreeing in gender with the generic name (that is, Sequoia 
magnifica)y a noun in apposition (that is, Cornus Mas), or a noun in the 
genitive case (that is. Sequoia Langsdorfii), The name is usually descrip- 
tive, or refers to some person, place, or (in case of a fossil plant) geologic 
formation associated in some way with the species. However, names 
which are anagrams or merely meaningless combinations of letters are 



PALEOBOTANICAL SYSTEM ATICS 


407 


permissible under the rules. Largely as a matter of euphony place 
names that do not harmonize well with Latin suffixes should not be 
utilized. Examples are Arisiolochia whitebirdensis, Larix churchbridgen- 
siSj and Salix wildcatensis. There is no way of unburdening the literature 
of such linguistic incongruities once the names are validly published and 
can claim priority. 

Fossil plants are often named from their genuine or fancied resem- 
blance to some living plant. Thus we have as examples of genera 
Prepinus, Aceriivs, Gmkgophyllum, Cupressinoxylon, and Lycopodites, and 
specific designations such as Populus prefremoniiiy Finns rmmticolensis, 
and Qucrcus pliopalrneri. In the early days of paleobotany many fossil 
plants were given names in allusion to their resemblance to recent 
plants, which today we find rather awkward to use. Proiotaxites, for 
example, is not a primitive member of the Taxaceae, but a giant organism 
more closely related to the Algae. Also Drcpanophycus is a lycopodia- 
(teous plant, and Ynccites is a gymnosperm. More recently a leaf fragment 
supposedly allied to the red oaks and named Qucrcus precocci riea was 
found to be a single leaflet of the digitately compound k^af of OrcAypanax. 
Therefore, unless aflS.nities can be established beyond all reasonable 
doubt, specific and generic names indicating relationships should be 
avoided. The rules contain no provision for setting aside a name 
simply because it later proves to be inappropriate. Inconsistencies also 
develop with the use of formational or period names. For example, 
Populus cotremuloides is slightly incongruous because the Payette forma- 
tion from which it was originally secured is Miocene and not Eocene as 
once supposed. Likewise the unsuitability of th(' specific name devonicus 
for a (^Jarboniferous plant is evident. It is impossible to avoid entirely 
situations such as those described above, but when there is the slightest 
chance of error in affinities or age, names of a more noncommital nature 
should be chosen. Names like Astcroxykm or Lepidodendrou avoid this 
difficulty because they are purely descriptive. Places often furnish 
suitable roots for generic names, examples being Caytonia, Rhyniay 
Thursophyton, and Hostimella. Personal names are as often applicable 
for genera as for species. Some familiar examples arc Williamsoniay 
Baragwanathiay Zeilleria, Nathorstia, and Wielandiella, 

The Principle of Priority, — The principle of priority stipulates that 
the oldest published name of a plant is its valid name.* However, to 
avoid the necessity of searching through the literature of centuries in 

^ An exception is the list of Nomina Conservanda, Names which have been in 
general use for 50 years following their publication and which ha;^ been officially 
placed on this list must be retained as the valid names even though they cannot 
claim priority 
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search of the oldest name of a plant, dates have been arbitrarily set 
beyond which it is not necessary to go. Different dates have been set 
for different groups of plants. The starting point of the nomenclature 
of vascular plants is 1753, at which date Linnaeus’s ^‘Species Plantarum ” 
was published. Since, however, A^ery few fossil plants had been named 
by 1753, a later date, 1820, has been selected as the starting point for 
the naming of fossil plants of all groups. This date marks the initial 
appearance of the important works by Schlotheim and Sternberg in 
which many specific names in use today wen^ proposed. 

The temptation to set aside the principle^ of ]:)riority is sometimes 
strong, especially in the case of generic and specific names which were 
inappropriately chosen. Many authors, for example, insist on the name 
Nematophyton instead of Prototaxitvf^, on grounds which are entirely 
reasonable but for th(' fact that tlu' latter nanu^ has priority. A name 
can be set aside only if it was invalidly published. 

To have a name set aside simply because the author who proposed 
it was mistaken concerning its affinities would h^ad only to confusion. 
MoreoA^cr, many names that have become ('stablislK'd through long usage 
and arc noAV accepted without the slightest objection by eveuyone were 
originally based upon erroneous interpretations of affiniti('S. An ('xample 
is the name Catamites, which was originally proposed Ix^aiuse the con- 
spicuously noded pith casts were thought to be fossil bamboo stems. 
It must be understood that investigators of fossil plants are not always 
able to place their naaterial in its proper position in the plant kingdom. 
Preserv^ation is not ahvays sufficient to reA^eal the real affinities of a plant. 
Moreover, as our knowdedge increases, our concepts of the limits of plant 
groupings and the constituents of these groups change accordingly. 

There is as yet no list of nomina conservanda (conserved names) for 
fossil plants. 

Generic Assignments, — Most of the problems peculiar to paleobotan- 
ical nomenclature, for Avhich special provisions have been made in the 
rules, arise from the disassociated and fragmentary condition of the plant 
remains as they are usually found. For this reason it is necessary to 
assign separate generic names to the different plant parts. For example, 
the strobili of a well-knoAvn Paleozoic lycopod are known as Lepidostro- 
bus, the detached sporophylls are called Lepidostrobophyllum; the sporan- 
gia, Lepidocystis; the spores, Triletes; the leaves, Lepidophyllum; the roots, 
Stigmaria; and the trunk, Lepidodendron. There are numerous instances 
where it is necessary to use a different name for similar parts that are 
differently preserved. For example, Lagenospermum is sometimes used 
for compressions of the seeds of Lyginopteris, which if petrified are called 
Lagenostorm. Different names are sometimes given to the surface 
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and the interior of a trunk, for example, Megaphyton and Psaronhis. 
Although to some botanists such taxonomic procedure may seem irksome 
or even positively ludicrous, it is nevertheless born of necessity. Without 
it concise designation of fossil plants would be impossible. In paleobot- 
any, names are usually given to parts rather than to whole plants. 

At the Sixth International Botanical C'ongress held in Amsterdam in 
1935, a number of proposals were made which, although they have not- 
been formally written into the rules, have been follo\\'ed by some paleo- 
botanists. Some of them will without doubt become standardized 
practice. One of these proposals is the creation of orgatiy artificial^ and 
combination genera. An organ genus embraces detached parts belonging 
to the same morphological categories, such as cones, leavers, sec'ds, stems, 
roots, etc. If a number of parts from genetically unrelated plants are 
to be grouped, the assemblage is an artificial (or foryn) genus. Most of 
the g(uiera of fossil plants are therefore organ or artificial genera. Le/pi- 
dostrobus is an organ genus for the strobili belonging to the trunk Lepi- 
dodendron, Trigonocarpus is the seed belonging to Medullosa. In both 
of these exampk^s the names apply to organs of related plants. Carpo- 
lithuSj on the other hand, is an artificial genus because it is a name given 
to almost any fossil seed that cannot be d(‘finit-ely placed. It may 
include s('('ds belonging to sev(u*al groups. The gtuieric names coined by 
Brongniart and later workers for the foliage of fernlike plants are excel- 
k*nt (examples of artific^ial genera. Some of them, it is true, do i*epresent 
to a large (‘xteiit natural groupings, but no consideration of affinity need 
be made in assigning species to them. All fronds, for example, that 
conform to the original description of Alethopteris probably belong to 
the Me>dullosaceae, but if a leaf of some group other than the Medul- 
losaceae should conform to Alethopteris as it is defined, it could correctly 
be assigned to that generic category. 

It freciuently happens that a frond belonging to an artificial genus 
previously known only in the sterile condition may be found bearing 
fructifications having another generic name. Such specimens could be 
given a combination generic name, although the usual practice, especially 
when citing synonyms, is to quote one of the generic names followed by 
the other in parentheses, as for example, Pecopteris {Dactylotheca) 
plufnosa. 

In practice the artificial genus is applicable mainly to such objects 
as epidermal fragments, isolated spores and pollen grains, pieces of petri- 
fied secondary wood, stem compressions lacking diagnostic features, 
seed casts, and some foliage. It is seldom that a plant part, such as a 
complete stem, a seed or other fructification, or a well-preserved leaf 
that is sufficiently complete to permit a detailed description, cannot be 
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assigned with some degree of certainty to one of the larger categories sucjh 
as an order or class, and hence to an organ genus. It would seem advis- 
able in future paleobotanical practice to restrict the multiplicity of 
artificial genus names as much as possible and to give a broad application 
to a few\ Carpoiiihus for seeds, Phyliites and Dicotylophyllum for leaves, 
Antholithus for strobiloid inflorescences, PolleniteH and Sporiies for pollen 
and spores, Dadoxylon and Araacarioxylon for gymnospermous secondaiy 
wood, along with a few others, would take care of most of the require- 
ments of material of unknown affinities. 

When, as occasionally happens, organs Avhich have been described 
separately are found to be parts of the same kind of plant, the question 
arises as to which name should be applied to the combination. The 
Avhole plant obviously is an organism of which only the separate parts 
have heretofore received generic designations. The usual practice under 
such circumstances has been to retain the oldest valid name that applies 
to any of the parts. For example, the stem Lyginopteris oldhamia, the 
leaf Sphenopieris lloeninghausi, and the seed Lagenosioma Lomaxi Avere 
found to belong together, but further research finally sIiowckI that the 
cupules or husks within Avhich the seeds were borne had long been knoAvn 
as Calymmatotheca, Hoeninghausiy hoAvever, is the oldest valid specific 
name for any of the parts (in this instance the frond), so Cahjmmatotheca 
Hoeninghausi is noAV accepted as the correct name for the plant. There 
are certain obvious disadvantages in using the oldest name for a com- 
bination of parts because it may be Carpoiiihus or Dicky oxyloHy or some 
other name of very wide application, and to be compelled to replace an 
otherAAUse appropriate name with some outmoded or unsuitable designa- 
tion is not only objectionable in itself but is often confusing. A proposal 
made at Amsterdam in 1935 provides that an author may at his discretion 
create a new genus, a combination genus, for two or more parts shown to 
be in organic union. A recently proposed combination genus is Lebachia 
for the gymnosperm that bore the foliage long known as Walchia, In 
this instance the plant receiving the combination genus name consists of 
the foliage Walchia, the seed cone Walchiostrobus, a seed which had been 
included in Carpoiiihus, and pollen referred to Pollenites, Another 
combination genus is the Mesozoic cycad Bjuvia, which is a combination 
of the leaf Taeniopteris and a megasporophyll known both as Cycado- 
spadix and Palaeocycas. 

For some plants such as Lepidodendron and Sigillaria combination 
generic names have never been proposed because the names used for 
the trunks have, from long usage, become accepted as applicable to the 
entire plants. Rhynia is an example of a generic name that from its 
first institution was applied to an entire plant. Detached parts would 
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also be assigned to this genus because no other names have been proposed 
for them. The name Rhynia has been applied to plants with the internal 
structure preserved, but if the question were to arise concerning the 
appropriate name for compressions resembling Rhynia, which could not 
be proved to belong to this genus, then a new form genus would need to 
be created for them if no suitable one were already in existence. 

It should always be borne in mind that the purpose of rules is to 
secure uniformity and to prevent confusion. The successful application 
often depends to a considerable extent upon the judgment of the author. 

Valid Publication . — A new genus or species of fossil plants is not 
validly published unless the description is accompanied by illustrations 
or figures showing the ('ssential charaebus. Although the rules require 
a Latin diagnosis for Recent plants, such is not necessary for fossils. 
The des(^ription may be in any language although English, French, or 
(lerman is preferable. Russian authors usually add summaries in one of 
these languages. The date at which the new genus or species is con- 
sidered published, if after December 31, 1911, is the date of the simul- 
taneous publication of the description and figure, or if these are published 
on different dates, the later of the two is the publication date. New 
names, therefore, which are not accompanied by both a description and 
a figure are not validly published and have no claim to prioritj^, and 
(^onsecpiently may be disregarded by subsequent authors if they so 
prefer. If the subscHpKuit author adds a figure or description to a genus 
or species, which bc'cause of lack of it was previously invalid, the name 
then becomes valid and he is regarded as the legitimate coauthor. 

A matter that authors of iieAv genera and families sometimes neglect 
is to assign their new creations definitely to higher categories. The 
rules explicitly state that every species belongs to a genus, every genus to 
a family, every family to an order, every order to a class, and every 
class to a division; but we occasionally encounter new genera which are 
not referred to families, and families which are orphaned from orders. 
These higher categories may need to be specially created to accomodate 
the newly proposed families or genera and they serve the essential pur- 
pose of completing the classification. In case of artifical genera, however, 
it may be necessary to make special applications of this rule because the 
members of such genera are unrelated and may belong to different tax- 
onomic groups. One possibility is to group such genera into a sort of 
combined ‘‘ordinal family” bearing a special ending. For example the 
fernlike leaf genera that are sometimes grouped into Archaeopterides, 
Pecopterides, Alethopterides, etc., are sometimes classified together 
under the common heading of Pteridophyllae. Since the Pteridophyllae 
include both ferns and seed plants, they cannot be referred to any natural 
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group smaller than the Pteropsida. Another common practice in class- 
ifying artificial genera is to place them under the category of Incertac 
Sedis. This should be avoided whenever possible, and the only advan- 
tage in even describing such questionable material is to provide it with 
a ready means of reference. 

Special Problems . — In the naming of species many special problems 
often arise. It is often difficult to decide whether a specimen (or series 
of specimens) should be described as new, or whet her it should be n^ferred 
to existing species from which it may differ only in relatively insignificant 
points. Many species have been so l)riefly described and crudely illus- 
trated that it is imi)ossible to compare nenv maierial satisfactorily with 
them. Under such circumstances, the types should be examined if 
possible. In naming leaf impressions of Upper Cretaceous and Tertiary 
age it is usually necessary to compare th('m with their nearest liAung 
equivalents, and in doing so attention should 1)(‘ given to the rang(^ of 
variation of leaves of the Recent species. Also the present geographic 
range and the natural associates of the Recent sp(‘cies shoidd be heeded. 
One should be cautious about referring a fossil l(»af to a genus of Recent 
plants if the fossil is associated with other genera, the living ecjuivalents 
of which at present occupy V(uy different habitats. On the other hand, 
the similarity of floral associations of the past and present is often 
unknown, and become^s increasingly obscure in older rocks. 

The extent to which artificial genera should be us(^d for Upper Cre- 
taceous and Tertiary leaf impressions of the flowering plants depends 
mostly upon the judgment of the author. Some have advocated the us(' 
of names of living genera only when the determinations can be supported 
by accompanying fructifications. Thus Acer would be applied to leaves 
associated with the characteristic winged fruits, but Acerites or Acero- 
phyllum to leaves not so accompanied. However, the ultimate advan- 
tages of such nomenclatorial quibbling are doubtful. The basic problem 
before the investigator is to determine as correctly as possible the affin- 
ities of the remains, and the naming of them is of secondary importance. 
The value of a name can be no greater than the accuracy with which the 
plant is determined. 

Another problem often confronting the student of fossil plants is the 
relation of a species to stratigraphic boundaries. Should a form found in 
abundance in a certain formation be identified as the same species when it 
appears in another formation of a different age, or should it receive a new 
name even though it shows no distinctive morphological characteristics? 
No set rules of procedure can be dictated to cover such instances. It may 
depend upon how well the other species has been described, and its known 
range must also be taken into consideration. In general, less con- 
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fusion will result when organisms from distinct formations arc differently 
named, even at the risk of having one name later reduced to synonymy, 
than when too many variants are lumped into one species. A group soon 
becomes unwieldy when too many species are indiscriminately assigned 
to it. Also it is well to remember that a formation may represent a time 
sequence of several million years, often longer than the probable duration 
of a species. A species, however, is a taxonomic category, and only upon 
morphological characters can it be permanently established. 

N ornenclatorial Types. — The International Rules specify that the 
application of names is determined by nomenclatorial types. A generic 
type is one of the species that was included within the genus when it was 
originally published, and a specific type is a specimen used in the original 
description of the species. The type specimen determines the kind of 
plant to which the name applies, and no other kind can validly carry that 
name. It is common practice to label the type specimen and to give 
whatever information may be necessary in locating it at future dates. 
If it is deposited in some herbarium or museum, the name of the institu- 
tion is given, along with file or catalogue numbers if such are kept. For 
living plants the type is usually a specimen mounted upon a herbarium 
sheet. In the case of plants that cannot be mounted or satisfactorily 
preserved, such as aquatic microorganisms or fleshy fungi, a drawing or 
water-color sketch made directly from a specimen is retained as the type. 
With fossils, however, more than one specimen froc^uently enters into the 
specific description. In describing angiosperm leaf compressions, for 
example, it may be neccvssary to include in the description those specimens 
which are believed to represent natural variants within the species, and 
since no one leaf will show all the characters several have to be designated 
as types. It may be possible to select one specimen which represents an 
average form from which the variants will depart to a greater or less 
degree. This one may if desired be designated the holotype, and the 
normal variants as paratypes. It is not necessary to accompany a 
holotype with paratypes if the holotype adequately expresses the species. 
If the author does not feel inclined to select any particular specimen for 
a holotype, he may give them all equal rating as syntypes. When working 
with living plants, different type categories are seldom employed because 
the single specimen selected may show enough characters to express the 
species adequately, but with fossils one usually describes not complete 
individuals, but parts of individuals, and the assumption is that the 
individual is expressed in the sum total of the detached organs. In 
designating syntypes or paratypes only specimens from the same forma- 
tion and locality should be included, and it is preferable that they all 
be in very intimate association. 
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A question may arise in connection with type designations when the 
descriptions are based upon thin sections of petrified plant parts. When 
studying stems or other organs in thin section, it is customary to prepare 
several sections along different planes, and as no one section will show all 
the characters necessary for the description, it is impossible to designate 
any individual section as the type. In such a case the fact must be 
recognized that the specimen from which the section was taken is the 
type, and the section should be merely designated as a section of the 
holotype or of the syntype, whichever it may be. Care should be taken, 
hoAVever, not to mix sections of different specimens under a single type 
designation. 

The procedure in specifying types of fossil plants is obviously more 
complex than for living plants because of the disassociation of the parts. 
In many museums where the fossil plants are housed along with animal 
fossils it is the practice to follow prescribed type designations. Paleon- 
tologists employ an elaborate system of classification, which in simplified 
form may be lised to advantage with plant fossils. There are many type 
categories, but the essential ones are as follows: 

Generity'pe — the type species of the genus. The individual specimen that 
serves for the type of the generitype species may be called a Diplotype. 
Holotype — a single specimen (or fragment) upon which a species is based. 
Syntype — any specimen from the original collection upon which a species 
is based if no holotype is designated. 

Paratype — any specimen other than the holotype from the collection 
upon which the species is based. 

Lectotype — a specimen selected from among the syntypes and used for 
a revision of the species. 

Neotype — a specimen from the original locality to replace the holotype if 
the latter is lost or destroyed. 

All the above may be considered primary types in that they are 
concerned with the original definition of the genus or species. There are 
other types designed to supplement or embellish the original descriptions. 
A few of these are : 

Hypotype — any described, figured, or listed specimen of a species. 
Topotype — a specimen from the type locality of a species. If it becomes 
a neotype, it replaces the holotype. 

Plastotype — a cast or exact replica of a type. Thus there may be a 
plastoholotype, plastoparatype, etc. 

The importance of caring for type specimens cannot be overem- 
phasized, and in any collection they should be carefully catalogued 
and stored in special places provided for them. The final status of a 
species is sometimes dependent upon the accessibility of the type for 
reexamination. 
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spor(‘s by, 107, 108 
Berberidac(‘ae, 344 
Berber is gigantea, 344 
Berchemidy 357 
Berger i a y 98 
Berriochloa, 341 
glabra y 340 
Betidoy 359, 360 
lacustrisy 18 
rtana, 359 

Betulacc^ae, 359-361 

Big Belt Mountains, limestones of, 55, 
56 

Big Horn dolomite, origin of, 48 
Bjuvia simpleXy 273 
restoration of, 272 
Boegendorfia semiarticulatay 138 
Bothrodendrony distinguished from Lepi- 
dodendrony 97 
megaspores of, 106 
mundumy Stigmaria of, 122 
punctatum, IJlodendron condition of, 
99 

* BotrychioxyUmy identity with ZygopterWy 
185 

Botrycoccus Browniiy 49 
Botryopteridaceae, 173, 179-182 
BotryopteriSy 372 
forensiSy 180 

sporangia of, 181 
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BotryopteriSy Mrsuta, 180 
roots, 181 
BowmaniieSy 136 
Dawsonij 137 
delectuSy 138 
fertile, 137 
heterospory in, 138 
Kidatoni, 136 
majm, 137 
Roemeri, 137 
Brachyphylhim, 370 
Bracket funsi, 44 
Brandon lignites, age of, 387 
Brasenia, 351 
Bridget (-reek flora, 386 
Brongniart, A., 157, 166 
Bryophyta, 9, 10 
fossil, 58-60 
Bucheria, 74, 370 
Bucklandia, 249 
indicn, 253 

C 

C'actaceae, 356 
(’alaniitales, 139-151 
fructificaitions, 147-150 
(Uila miles, 1 39-145 
anatomy of, 142-145 
carinatus, 140 
Cistii, 140 

compared with Equisetum, 151 
criJLciatus, 140, 141 
foliage of, 145-147 
habits, of 141, 142 
at Joggins, 141 
roots of, 147 
Sachsei, 139 
Schulze iformis, 139, 141 
subgenera of, 139 
Suckowii, 139, 140 
stem structure, 144 
undulaius, 139 
Calamitina, 139 
Calamodendron, 145 
Calamophyton, 80, 130, 131, 370 
Calamopityaceac, 208, 234-239 
relationships of, 238, 239 
Calamopitys, 235, 236, 372 
americana, 286-237 
annularis, 236 
Saturni, 236 


Calamostachys, 147-149 
Binneyana, 148 
Casheana, 148 
Calathiops, 216 
C/alciferous Sandstone, 371 
Calcification of plants, 37 
Calcium carbonate, deposition of, 54 
Callipleridium, des(;ription of, 160 
Callipleris, 240 
conferta, 240, 377 
Cnllitris, 325 

Callixylon, 282-285, 286, 293, 330, 368, 
370 

age of, 285 
anatomy of, 283 
erianum, 391 
habits, of 283 
Newherryi, 283, 284 
fungous hyphae in, 44 
pitting in, 283, 284 
Trifdievi, 285 
whileanurn, 285 
Zalessky i, 282 , 285 

C^alycanthaceac, primitive character of, 
335 

Calymmatoiheca, 207, 372 
associated with Telangium, 215 
IJ oenhujhausi, 208 

anatomy of, 209, 210 , 211 , 212 
capitate glands of, 211 , 212 
cortex of, 211 
history of, 209 
pollen -bearing organs of, 214 
Camasia, 56 
Cambrian, 5, 367 
spores from, 366 
Caprifoliaceae, 363 
Carbondalc series, 373 
Carboniferous, 5, 367, 370 
climates of, 392-396 
coal swamps of, proximity of, to sea 
level, 396 

epochs of, 370, 376 
floras of, 370-377 
land masses of, 396 
Limestone, 371 
Lower, ferns of, 372 
flora of, 371 
gymnosperms of, 372 
lycopods of, 372 
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Carboniferous, Lower, pteridosperms of, 

372 

Sphenopsida of, 372 
Upper, divisions of, in Europe, 373, 376 
in North America, 372, 376 
use of name, 370 
Cardiocarpales, 233, 298 
Cardiocarpon, 298 
anomalum^ 112 
Cardiocarpus^ 287 
Cardiopteridivm, 372 
Cardiopteris, 372 
CarpinuSj 360 
Carya, 359 
Cassia^ 354 
Castalia, 351 
pollen, Jurassic, 337, 350 
Castanea^ 362 
Castanopsis, 362 
Casts, of Cala mites j 33, 141 
of Eospermatopteris, 32, 33 
formation of, 32 
of Lepidodendron, 33 
of Trigonocarpus 17, 33 
of Stigmaria, 33 
Casuarinaj 386 
Cathay sia flora, 380 
Catskill Delta, 22, 369 
origin of, 368 
CaulopteriSy 194 
Cauloxylon, 287 
Caytonitty 242, 243 

Nathorstij ovulate inflorescence of, 

242 

Thomasi, 243 
fruit of, 242 

Caytoniales, 242, 243, 335 
CayUrmrdhus, 242, 243 
CeanothuSy 357 
CebotiocauliSy 201 
Cedrela, 349, 360 
CedroxyloUy 319 
definition of, 320 
CedruSy 318 
Celastraceae, 357 
CelastruSy 357 
CeUiSy 348 

Cenozoic, environments of, 396-398 
floras of, 384-388 
Cenozoic era, 5 
Cephalotaxaceae, 315 


Cephalotaxites, 316 

CephalotaxopsiSy in Cretaceous, 315, 316 

Cephalotaxo8per7mi7Hy 315 

Cercidiphyllaceae, 344 

Cercidi phyllv m , 344 

CerciSy 354 

CercocarpuSy 352 

Cerro (hiadrado Petrified Forest, 313, 
314 

Cha7nxiehataria, 352 
Cha7tiaehaiiay 352 
Cha7naecypariSy 325 
Charales, 47 
Choirolepidaceae, 315 
Cheirolepis Miumsteriy 315 
Cheirostrobus, 1 38 
Chlorellopsis, 55 
coloniaUiy 67, 58 
Chlorophyceae, 46 
Chrysobalanus, 352 
Cingulariay 160 
Cinnamornimi, 345 
C'lssiteSy 357 
Cissusy 357 
C'itronelle flora, 387 
CladophlehiSy 198 
Cladoxylaceae, 179 
description of, 188 
Cladoxyloriy 222, 369, 370 
in Devonian, 173 
scoparium, 173 
iaenlatuniy 188 
Claiborne flora, 385 
Clarno flora, 385 
Classification of plants, 9-12 
ClathrariGy 114 
Clepsydropsisy 372 

antiquay leafstalk of, 188 
Climaciophyiony 130 

Coal, spores and epidermal fragments in, 

19, 26 

Coal-balls, 26, 27 
conditions for formation of, 27 
Codonothecay 229, 230 
Coenopteridales, 179-189 
Collenitty 56 

Colorado, algal limestones in, 66-58 
Lepidodendron from, 101 
Colpodexylmy 98, 94, 376 
Colpoxylony 228 
Coluhrinoy 357 
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Columhea section of Araucaria, 309, 314 
(>)mpressions and petrifactions, relative 
value of, 38 
Comptonia, 362 
Comstock flora, 385 
Comialia^ 357 
Conemaugh series, 372 
( bnifers, Mesozoic and (kmozoic, 307-328 
Paleozoic, 302-307 
phylogeny of, 328-331 
Conosiomdy 219 
oblongunij 213 

Continental drift, theory of, 398 
Cooksonia, 70, 369 
hemisphericdj 70 
Pertonij 70 
Copperia, 56 

Cordainnthvs, 287, 297, 303 
nmpullacms, 295 
fliiitnm, 297 
pollen of, 297 
Schideriy 296 
Cordaicarpus, 287, 303 
Cordaicladus, 287 
Cordaioxylorij 278 
(^rdaiteae, 280, 287-299, 330 
affinities of, 299-301 
anatomy of, 290-295 
fructifications of, 296-297 
leaves of, 288-290 
anatomy of, 288 
epidermal structure of, 288, 289 
pith of, 291 

Cordaites, 280, 287, 289, 294 
angulosostriatuSy 288 
FeliciSf 288 
iowensiSj 293 
lingulatuSj 288 
materiaruniy 392 
michiganensis^ 290, 292 
jwllen of, 297 
prmcipalis^ 288 
roots of, 296 
secondary wood of, 291 
seeds of, 295, 298 
transversttf 291 
Cprnaceae, 363 
CofrnuSj 363 
CoryluSj 360 
CorynepteriSj 164 
fructification of Zygopteris, 186 


Corystospermaceae, 241, 242 
Crataegus, 352 
microcarpifolia, 353 

Craters of the Moon National Monu- 
ment, 25 
Credneria, 364 
Cretaceous, 5 
floras, 382-384 
of Greenland, 397 

plant-bearing formations in North 
America, 385 

Ijower, angiosperms in, 337, 338, 

382, 383 

Upper, floras of North America, 382, 
384 

Crossotheca, 193, 214, 247 
Boulayi, 214 
sagittaia, 214 
Crotonophyllum, 350 
Cryptomeria, 323 
Cryptozoon, 55 

reefs near Saratoga Springs, 57 
minnesotensis, 64 
denis, 269 
Culm, 371 
Cunninghaniia, 324 
C unninghamiostrobus yubarensis, 324 
Cunninghamites, 324 
Cupania, 357 
Cupanoides, 358 
Cupressaceae, 325 
Cupressinocladus, 325 
Cupressinoxylon, 323, 325 
Cupressites, 325 
Cupressus, 325 

Cyatheaceae, in Mesozoic, 201 
in Tertiary, 203 
Cyaihocaulis, 201 
Cyathodendron texanum, 202 
Cyathotrachus, 192 
Cycadales, 248, 268, 273 
foliage of, 268-270 
fructifications of, 270-273 
Cycadella, 251, 254 
Cycadeoidaceae, 151, 252-262 
anatomy of, 256, 258 
foliage of, 258 
fructifications of, 259 
resemblance of, to magnoliaceous 
flower, 266 
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Cycadeoidales, 248 

comparisons with Uecoiit cycads and 
ferns, 267 
foliage of, 262-266 
classification of, 262 
epidermal structure of, 263 
history of, 249-251 
ptoridospcrmous anccstory of, 268 
Cycadeoideay 254, 258 
dacotensis, 250, 254, 259 
seed of, 262 
Dartoniy 261 
etruscay 249 
Gihsonianus, 259 
ingensy 256, 258, 259 
Marshiana, 256 
maryland i ca , 2 50 
name proposed, 250 
ramentumy 267 
Reicheribach iana , 254 
surface features of, 267 
Wielandiy 259, 260 
xylem structure of, 258 
(Veadeoids, in Black Hills, 250 
at Freezeout Mountain, 250 
morphological considerations of, 266- 
268 

Cycadinocarpus, 298 
CycaditeSy 263, 266 
Cycadocarpidiuni, 328 
Erdtmanniy 328 
(Veadofilices, 204, 205 
Cycadophytes, origin of, 248 
preservation of, 249 
Cycadospadix, 273 
CyclocrinuSy 47 
CydopteriSj 164 
fimlostigmay 94, 370 
352 

C^f^:^riteSy 112 

Czeka^kbskiay 278 

D 

Dacrydiumy 308 

Dadoxylofiy 287, 293, 308, 311, 392 
Chaneyiy 287 
dmglaaemey 391 
Halliiy 293 

identity with AneurophytoUj 83 
Newberryiy 293 


DadoxyloUy oldhamiuniy 209 
ouangondianuniy 293 
romingeriannniy 391 
Dakota flora, 384 
Dalbergia, 354 
Danaeites, 192 
Dasycladaceae, 47 

Dawson, Sir William, 63, 85, 124, 293, 
368 

DawsoiiiteSy 76 

Degeneriaceac, primitive condition in, 
336 

Dendropieridium cyatheoided, 203 
Des Moines scries, 373, 376 
Desmids, 48, 49 

Devonian era, divisions of, 5, 368 
lycopods in, 370 

Middle, fernlike types in, 170, 370 
plant life of, 368-370 
sedimentary rocks of, 368 
lipper, evidence of seasonal changes 
during, 391 

Diatomaceous earth, 49 

preservation of plants in, 25 
Diatoms, 45 
Dicotyledons, 342-365 
selected families of, 343-363 
IHcroidiurtiy 242, 378 
DictyopteriSy 165 
DictyozamiieSy 265 
Diichnia kentuckiensiSy 236, 237 
Dillenuiy 346 
Dilleniaceac, 245 
DilleniteSy 346 
Dinantian, 371 
DiooniteSy 263 
DiospyroSy 352 
DiplolahiSy 182 

Diplopteridium telianuniy form of frond 
of, 215 

DiplotestOy 298 
Diplothmemay 166 
Dipleronia, 359 
Discomycetes, 44 

Disintegration of plant tissue, selective 
order of, 18 

Distribution of floras, problem of, 
398-400 
Dodoneay 357 
Dolerothecay 230 
DoliocarpuSy 346 
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DombeyopsiSy 346, 364 
Doratophyllunij 266 
description of, 269 
Downtonian, plants from, 369 
Drepanophycus, 74, 80, 91 
spinaeformis, 90 

Dryophyllurn, derivation of P'aKaceae 
from, 361, 362 
Mooriif 360 
s ubf alcaturn , 360 
DrypeteSj 350 
Dunkard scries, 239 

E 

Ebenaccac, 352 
Elatides, 313, 320 
W illiarnsoniSj 320 
ElatocladuSy 307, 308, 324 
cleganSf 326 
use of name, 327 
Empedoclea, 346 
Emplectopteris, 1 66 
triangularis^ 194 
seeds of, 232, 246 
Endoxylony 238 
E ngleha rdtidy 359 
lOocene epoch, 5 
floras of, 385 
palms in, 341 
Eopterisy 39 
Eopuntuiy 356 
EospennatopteriSy 208 
easts of, 32, 33, 85, 86 
erianuSj 86 
supposed seeds of, 86 
iexiiliSy 86 

Equisetales, 12, 151, 152, 367 
Equisetitesy 151 
EremopteriSy 163 
description of, 167 
Ericaceae, 352 
Eristophytony 236, 238, 286 
Beinertiana, 238 
fascicularisy 238 
Ernestiodendrony 303 
jUidformCy 305 

dwarf shoots of, 331 
lirosion, effects of, 1-3 
Etapteris Scottiy xylem strand of, 183 
leafstalk of ZygopteriSy 185 
Lacatteiy sporanjpa of, 186 


EvmlamiteSy 140 
Eu-Heterangiuniy 218 
Euphorbiaceae, 350 
Euphorbiophyllumy 350 
Eutacta section of Araucariay 309, 313 
Eu-Sigillari ac, 113 

K 

Fagaceae, 361, 362 
FaguSy 361 
Favularuiy 113 

Fernlike foliage, Paleozoic, genera of, 
160-167 

structure of frond of, 168, 169 
Ferns, anatomical characteristics of, 170 
of Carboniferous and Permian. 178- 
196 

(Jenozpic, 201, 202 

as indicators of tropical climates, 394 
Middle Devonian, 171, 172, 370 
oldest, 171-178 
post-Pal(X)zoic, 196-202 
Upper Devonian, 173 
Ficophyllumy 337, 348 
eucalyptoideSy 383 
FiaiSy 348 

7nississippiensisy 347, 349 
planicostatUy 349 
Fish Cliffs, 369 
Flabellariay 341 
Florissant flora, 386 

Flowering plants, problem of interpreta- 
tion of remains of, 338, 339 
Foerstia ohioensis, 60 
Fontaine, W., 250 

Fossil plants, conditions favoring preser- 
vation of, 16-20 
definition of, 14 

factors governing preservation of, 16 
in lava, 25 

nomemdature of, 12, 406, 407 
objects sometimes mistaken for, 39, 40 
Fossilization process, 27-38 
effects of compression on, 28-30 
Fossils as time markers, 5, 6 
Fothergillay 354 
Fox Hills flora, 384 
FraxinuSy 352 
Fungi, 43-45 
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Fungi Imperfecti, on Miocene palm 
leaves, 45 

Furcula granuliferay 336 
G 

GangamopteriSy 380 
Gasp6 sandstone, Psilophytm in, 368 
GeasteriieSy 44 
Genundewa limestone, 37 
Genus, artificial, 409 
combination, 409 
organ, 409 

Geologic time table, 4, 5 
GerrtuinophyUm, 53 
Gigantopteris, 377 
americana, 240, 377 
Gilhoaphyton, 91, 368 
Ginkgo adiantoides, 277 
bilobay 273, 274, 277 
digitatOy 276 , 277 
in Jurassic, 381 
lepiddy 276 
sibericay 276 
Petrified Forest, 24 
Ginkgoales, 273-278 
foliage of, 274-278 
Ginkgoitesy 277 

Ginkgophyllum hibernicumy 276 
Gleicheniaceae, 189 
in Paleozoic, 178 
Gloeocapsomorphaj 46 
Glossopteris Brownianay 380 
flora, 379, 380, 398 
Glyptostrobusy 323 
europaeusy 324 
GomphostrobuSy 303 
Gondwanaland, 398 
Goppert, R. H., 157 
Goshen flora, 385 
Gouldina magmiy 66 , 57 
GramrmtopteriSy 187 
Grand Canyon, 2 
Grand 'Eury, 204, 219, 290 
Grasses, in Cretaceous and Tertiary, 
340 , 341 

Green River flora, 385 
Green River formation, algal limestones 
in, 58 

Greenland, coal in, 397 
Cretaceous flora of, 382, 397 
plant*bearing series of, 382 


Greensand, Lower, dicotyledonous wood 
in, 338 
Grewia, 348 
GrewiopsiBy 348 
Greysoniay 56 
Gristhorpia, 243 

Growth rings, in Callixylo7i, 391 
in Dadoxylon, 392 
in EndoxyloUy 238 
in Sphenoxyloriy 238 

Gymiiosporms, Paleozoic, evolution of, 
306 

Gyrogonites, 47 

H 

Halisei'iteSy 79 
Haloniay 99 
Harnamclidaceae, 354 
Hanmmelis, 354 
HamameUies, 354 
Hartzia, 278 
Heer, Oswald, 382 
Hemiangiosperrnae, 335 
HepaticiteSy Kidstoni, 58 
Wilhiy 58 

Hermit shale flora, 378 
Heterangium, 217, 218, 223, 239, 372 
Griemiy 217, 218 
tiliaeoides, 218 
Hexapterospermurn, 230 
Hicklingidy 70 
Hiraea, 350 
HirmeriellOy 315 
Holodiscusy 352 
harneyensis, 363 
Homology, 330, 331 
Homoxylony 337 
Horneay 68n. 

Horneophytony 68 , 69 
Horton shales, 372 
Hostimellay 79, 368 
HydrangeOj 354 
Hyenitty 80, 130, 131, 370 
Banksiiy 131 
elegansy 130, 131 
Hyeniales, 130-132 
Hysteriies CordaiUsy 43 

I 

IndosirohuSy 315 
International Rules, 402 
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Iiiversicatenales, 179 
IridopteriSj 172 

Iron pyrites, petrifaction by, 37 
J 

Jeffrey, K. C., 310, 329 
John Day ffora, 380 
Jiiglandiaceac, 359 
Juglarulicarya, 359 
J iiglandiphyUumj 337 
Juglansy 359 
J uni peroxylon, 325 
Juniper us^ 325 

.Jurassic, Antarctic ('ontineiit, 397 
floras of, 381 

in Franz Joseph Land, 396 
K 

Kaloxylon Hooker i, 209 
Kalyrnma, 237 
Kanawha series, 372 
floral zones in, 373 
Karwinskia, 357 
Kenneyidf 50 
Keteleeria, 318 
Kidston, R. 157, 158 
and Lang, 63 
Knorridj 98 
ehemungensisy 93 

L 

LaccopteriSy 196 
LagenicuUiy 19, 108 
Tjogenospermum imparirameumy 207 
Lagenostomay 207, 216 
Lomaxiy 209, 212, 213 
Lagenostomales, 219, 233 
Lamar Valley flora, age of, 387 
Lampasas series, 373, 376 
Lance formation, flora of, 384 
Land bridges, 398 
LariXy 318 
Latah flora, 387 
Lauraceae, 345 
LauruBy 345 
Lehachiay 303, 376 
cones of, 303, 304 
Ooepperiianaj 394 


Lehachidy habit of, 303 
P'iniformiSy 304 

dwarf shoot of, 306 
inflorescence of, 331 
IjCc series, 372 
floral zones in, 373 
I-<eguminosae, 354 
Leioflermoridy 114 
Lepidoairpon, 109, 110, 111, 112 
compared with pistil. 111 
evolutionary significance of, 110 
ioensCy 110 
Lomaxiy 112 
inagnificumy 111 
mazonemiSy 111 
Wildiornnu, 112 
Lepidodendron , 94-104 
acMledtuniy 96, 98 
anatomy, 97, 99-104 
clypentuniy 96 
fructifhrations of, 104-109 
Johnsoniiy 100, 101, 102 
leaf, size of 98 
cushions of, 96, 96 
lycopodioidesy 98 
ohovaiumy 96, 98 
ophiurusy 98 
scleroticnmy 103, 104 
similcy 98 

size and habit, 94, 95 
vascidarcy 103 
Veltheimiy 96 
Lepidodendropsisy 372 
cyclostigmatoides, 371 
LepidophloioSy anatomy of, 97, 102, 103 
distinguished from Lepidodendrony 96 
Har courtly 103 
Van Ingerify 97 
WunschianuSy 102, 371 
Lepidophjdlum, 116-118 
Lepidopteris natalensisy 240 
oUoniSy 240 
seed disc of, 242 
LepidostrobuSy 104-106 

hraidivoodensisy spores of, 106 
Coulter iy 111 

folixiceuBy 106 
heterospory in, 105 
spores of, 106 
VeltkeimianuSy 106 

Leptoteeta Grand' Euryi, 233 
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Leptotestales, 233 
Lescuropteris, 234 
description of, 166 
Lias, 381 
Libocedrus, 325 
Lignitized wood, 31 
LinopteriSy description of, 165 
Muensteri, 163 
Liquidajnhar, 354 
Liriodendron, 343 
Lithophyllurn, 48 
Lithothamni inriy 47, 55 
Liverworts, of Paleozoic and Mesozoic, 58 
Llanoria, 396 
Lobatannulariay 147 
Loganella, 76 

LonchopleriSy description of, 1(K) 
Lycopoditcs, 94, 125 
Lycopods, late Paleozoic, 94-125 
foliage, 116-118 
fructifications, 94-112, 114-116 
rootlike organs of, 119-125 
spores of, 19, 106, 107-109 
miscellaneous ancient, 125, 120 
oldest, 90-94 

phylogenetic considerations of, 126 
recent genera of, 89 
Upper Devonian, 370 
Lycopsida, distinguished from Psilo- 
psida, 127 

division of plant kingdom, 11 
megaspores of, 107 
Lyginangium, 218 
LyginodendroUj 209 
LyginopteridaceaCj 208 
LyginopteriSy 209 

oldhamiay anatomy of, 209, 210, 211, 
212 4 
habit of, 212 
position of seed on, 246 
LyanothamnuSy 352, 362 

M 

MacBride, T. H., 250 
MachiluBy 345 

McLeansboro series, 373, 376 
Macrostachyay 148, 150 
MacrotaeniopterUy 269 
MagnoUay 343 

flower, resemblance to cycadeoid 
inflores<$ence, 266 


Magnoliaceae, 343 
primitive characters of, 335 
Magothy flora, 384 
Mahoniay 344 
MallotuSy 350 
IVIalpighiaeeae, 350 
Maples, first appearance of, 358 
Marattiaceae, 178, 190 
MarchantitvSy 58 
MariopteriSy 161 
desc^ripiioii of, 162 
frond of, 169 
sphenopterioideSy 163 
Marsh, O. C., 250 
Mascall flora, 387 
Matonin pvcthiatdy 196 
Matoniaceae, 10(>, 197 
Mazocarporiy 115 

Mazon Creek, plant-bearing nodules in, 
30, 31 

Medicine Bow flora, 384 
Medullosay 219, 221-226 
anglicay 221, 222, 223, 226 
centrofiliSy 225 
distelicUy 224 
Leuckartiy 226 
Noeiy 224, 225 
petiole of, 227 
roots of, 226 
Permian species of, 226 
petioles of, 226-228 
stellatay 222, 226 
Thompsoniy 225 
petiole of, 227 

Medullosaceae, 208, 219-233 
foliage of, 219 

probable pollen-bearing organs of, 229 
seeds attributed to, 221, 230-233 
Megalomyelon, 287 
MeqalopteriSy 163, 298, 373 
description of, 162 
Megaphytoriy 194 

Megaspores, classification of, 107, 108 
in coal, 19, 107 
Megatheca Thomasiiy 216 
Meliaceae, 349 
Menispermaceae, 344 
Menisper mites y 344 
Mesozoic, 5 

environments of, 396, 397 
floras of, 380-384 
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Mesozoic, life during, 4 
MesoxyloUj 287, 291, 294 
Lomaxij 295 
muUiramej 293, 295 
platy podium, 294, 295 
poroxyloides, 295 
Sutclijpi, 295 
M ftaclepsydropsis, 372 
structure of, 1 87 
xylcrii strand of, 183 
Miadenmia, 112 
M icrococcus Zeilleri, 42 
M icrodesmus, 350 
Miller, Hugh, 83, 281 
Millstone Grit, 371 
Miocene, 5 
floras of, 386, 387 
Missouri series, 373, 376 
M itrospermurn, 287, 298 
Mixoneura, 161, 166 
Monanthesin, 255, 259 
Monocotyledons, 340-342 
Alouoletes, 107 
Monongahela scenes, 372 
flora of, 377 
Moraceae, 348 
Morania, 46 

Morrison formation, age of, 382 
Morrow series, 373, 376 
Mosses, 10 
fossil, 59 

Mount Eden beds, flora of, 387 
Muscites, Bertrandi, 59 
polytrichaeus, 59 
Mycloxylon, 221, 227 
missourieusis, 227, 228 
structure of bundle of, 228 
zonaium, 227 
Myrica, 362 
Myricaceae, 362 
Myxophyceae, 46 

N 

Nageiopsis, 308 
zamioides, 308 
Naiadita lanceolaia^ 59 
Namurian, 373, 376 
Naples ly copod, 92 
Nathorst, A. G., 263 
Navajoia, 255, 259 


Nelumbo, 351 
in Jurassic, 337 
Nematophycus, 52 
Nematophy tales, 51-53, 366 
Nemaiophyton, 52 
Nematothallus, 51, 366, 369 
N eocnlam i ies, 1 52 
Neuralethopterids, 164 
Neuropteris, 161 
decipiens, 232 
description of, 164 
heterophylla, seeds of, 232, 246 
hoUandica, s(*eds of, 232, 246 
obliqua, 232 
pllcata, 163 
rarmervis, 374 
Scheuchzen, 374 
Schirhani, 220 
lev ui folia, 221 
Nevropterocarpus, 232 
Ne a rasper m u rn , 232 
Newberry, J. S., 116 
N eivlayidia, 56 
Nihsonia, 272 
compta, 272 
description of, 269 
orierUalis, 272 
Nilssoniales, 264 
characters of, 268 
Nilssoniopteris, 253 
vittata, 266 
Nipa, fruits of, 341 
N oeggerathi a , 1 54 
Noeggerathiales, 154, 155 
Nomenclature, 12, 408-411 
N othofagus, 361 
Notoschizaea, 186 

Nova Scotia, plant-bearing rocks of, 373 
Nymphaea, 351 
Nymphaeaceae, 335, 350, 351 
Nyssa, 363 

Nystroemia pectiniformis, seeds of, 234 

O 

OdontopteriSj 161 
description of, 165 
Odostemon, 344 
Old Red Sandstone, 369 
Oldhamia, 46 
Oleaoeae, 352 
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Oligocar'pia, 178 

resemblance to Gleicheniaceae, 189 
Oligocene, 5 
floras of, 386 
Oliver and Scott, 205 
Omphalophloios^ 125 
Oreopanax, 362 

Osmnndaceae, in Mesozoic, 197 
in Paleozoic, 189 
Osmundites, 197 
oregonensisy 198 
skidegalensis, 197 
Osirya, 348, 360 
Oiozamiies, 265 
Powellif 266 

P 

PachypteriSj 242 
Pachythecaj 60, 369 
PagiophyUurn, 313, 379 
Palaeochamy 47 
Palaeocycas, 373 
integer y 372 
Palaeohepaiica^ 58 
Palaeomyces, 43, 44 
Palaeoniiella, 47 
Palaeopitys Milleri, 83, 281 
Palaeopteridales, 179 
Palaeostachya, 149 
PalaeotaxiieSj 379 
Paleol)otany, definition of, 1 
Paleocene, 384, 385 
Paleozoic era, 5 
early, plant life of, 366, 368 
" environments of, 390-396 
late, correlation table of, 376 
floras of, 368-377 

leaves, structural adaptations of, 92, 
393 
life of, 4 
Paliurus, 356 
Palmoxyhn^ 341 
Palms, 341 
in Eocene, 385 
Panicunif 341 
eleganSy 340 
ParadoxopieriSy 197 
PararatLcariay 314 
Parka, 51, 369 
Peat, 394, 395 


Pecopieris, 161 
candolleana, 163 
description of, 162 

fructifications of, 162, 189-191, 192, 
194 

Milioni, 31 
Pluckeneii, 194 
seeds of, 233, 346 
TP ongii, seeds of, 232 
Pectinophyton, 82 
Pcltaspennaceae, 240 
Pennsylvanian epoch, 5 
flora of, 372-377 

use of plants in correlation, 372, 373 
Permian epoch, 5, 377, 380 
flora of, 377 
Gigantopleris in, 377 
Permo-C’arboniferous, 370 
Perry, Maine, Devonian plants from, 368 
Per sea, 345 

Petrifaction, minerals causing, 34 
source of silica for, 36 
type of plant fossil, 34 
Petrified Poorest National Monument, 
312, 381 

Phaeophyceae, 48 
Philadelphus, 354 
Phlebopteris, 196 
Smithii, 197 
Phoenocopsis, 278 
Photinia, 352 
Phy Hites y 364 
PhyllocladuSy 309 
Phyllophorales, 179 
Phyllophore, 182 
Phyllotheca, 151 
Physostoma, 219 
elegans, 213 
Picea, 318 
Piceoxylon, 318 
definition of, 320 
Pita, 49 

Pilophorosperma, 241 
Pinaceae, 316-320 
Pinakodendron, 125 
Pinites, 316, 319 
from Jurassic, 316 
Withami, 280, 281 
Pinnularia, 147 
Pinus, 316 
coloradensia, BIT 



INDEX 


429 


Finns, in Cretaceous, 316 
Knowltoni, 317 
in Tertiary, 316, 317 
Finuxylon, definition of, 319 
Fistdcia, 359 
Pithecoloh i u m , 354 
Pilyanthus, 319 
Pityeae, 280 287, 330 

compared with Calaniopitya(*(nie, 286 
ran^e of, 280 
Pilyites, 319 
Pityoclddlus, 319 
Piiyolepis, 319 
ilyophyliu m, 31 9 
Piiyosper mum, 319 
Pityosporiirs, 31 9 
Pityostrobus, 319 
Pityoxylo'U, 311, 319 
Pitys, 281, 372 

i)aip\ 281, 285, 330 

Plant occurrence in geologic 

time, 367 

Plant -hearing rcx'ks, 20-27 
source of .s(‘dim(‘nts in, 22 
Plata ruuM'ae, 354- 356 
Platan as, 354, 355 
Plaiycarya, 359 
Pleistocene epoch, 5 
floras of, 387, 388 
Pleuromeia, 126, 381 
PlkxxMie epoch, 5 
floras of, 387 
Poacites, 341 
Pocono formation, 371 
Podo(‘arpact'ae, 307-309 
Podocarpiis, 300, 308 
Podozamites, 309 
description of, 327 
lanceolatus, 327 
Pollenites, 303 
Polyangium, 218 
Populus primaeva, 337 
Zaddachi, 351 
Poroxylcae, 280, 299 
PoroxyloUy 280, 294 
associated seeds of, 299 
structure of, 299 
PothociteSj 151 
Potomac group, 382 
flora of, 337, 397 


Potonio, H., 204 

theory of ( /arboniferous climates, 394 
Potoniea, 230 
Pottsville series, 373 
use of name, 372 
Pre-Cambrian era, 4 

evidence of life during, 4, 366, 368 
PrcpinuH, 317 
Price formation, 371 
Primofilic.es, 179 
Priority, principle of, 407, 408 
Prisrnocondl ina , 4 7 
Proaraucaria mirabilis. 313. 314 
Protoda m yria ra speciosa . 3 1 5 
P rotolvpidodcndron, 74. 80, 370 
description of. 91, 92 
scharyanum, 90, 92 
maJmbachrnsc. 90, 92 
Proto ph yllocLad us, 30f ) 

Protophyllutn, 363 
Protopiceoxylon ,318 
Prolop itys, 372 
Strrnbrrgii, 201 
Protopteridium, 80 
minuiu m, 171 
Prototaxites, 51, 52, 366 
Logani, 61 
Ortoni, 52 

psygmophylloides, 52, 53 
Storriri, 52 
PrunuSy 352 
Psa ron i us, 1 94- 1 \ Ki 
anatomy of, 195 
Gutbicri, 194 
habit of, 194 
lacunosus, 196 
range of, 196 
Pscudobornia, 370 
ursina, 132, 133 
Pseudoborniales, 132, 133 
Pse udoclen is, 269 
Pseudocycas, 266 
l^seudosporochnaceae, 66, 79 
Pseud os porochnus, 79 
Pseudotsugay 24 
in Tertiary, 318 
PseudovoUzuiy 305, 378 
Liebeana, dwarf shoot of, 306, 331 
Psilophytaceae, 66, 74-76 
Psilophytales, 63-81, 369 
characteristics of, 65 
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Psilophytales classification of, (>5 
early Devonian, 370 
evolutionary significance of, 81 
miscellaneous, 79, 80 
morphological considerations of, 80, 81 
range of, 64 

Silurian members of, 80 
Psilophyton, 64, 74-76, 368, 370 
alicicorne, 74 
flora of Arbor, 369 
Goldschmidtiij 76 
Hedeij 39 
princeps^ 63, 76 
wyomingense, 76 
Psilopsida, 11 
Psygmophyllum, 276, 288 
Ptelea^ 348, 349 

Pteridosperms, characteristics of, 205 
classification of, 208 
definition of, 204 
in Devonian, 207 
history of, 204 
of late Paleozoic, 239 
of Mesozoic, 239 
origin of, 207, 244 
position in plant kingdom, 206 
position of seed in, 245, 246 
relationships of, 244, 245 
PterispermostrobuSj 216 
Pterocaryaj 359 
PterophiloideSj 359 
Pterophyllunij 265 
Pteropsida, 11 

Pteruchus africanus, 241-242 
Ptilophyllurrij 252, 264 
Ptychocarpus, 186, 192 
description of, 190 
unitusy 191 
Pucciniaceae, 44 
Puget flora, 385 
Pycnostrorruiy 55 
Pycnoxylon, 287 
Pyrenomycetes, 43 
PyruSy 352 

Q 

Qttefcinivmy 361 
Quereophyllumy 337, 361 
tenuinervey 388 
Quercusy 16 , 361, 862 


R 

Rachiopteris asperu, 209 
Raritan formation, flora of, 384 
Raurneridy 255 
Red Beds, 239, 303, 377 
Rermanniay 172 
ReinschiOy 49 
Renaultifilicales, 179 
RhahdocarpvHy 232 
Rhahdoporella, 47 
RhacopteriSy” 372 
description of, 167 
Rhaetic, 381 
Rhanmacea(% 356, 357 
Rhamnidium, 356 
RhamnuSy 356 
Rhetinangruni, 372 
Rhodea, 372 

description of, 166 
Rhodophyceae, 47, 48 
Rhusy 359 
Rhynidy 66- 68, 75 
Gwynne-Vaughaniy 63, 66 , 67 , 68 
viajory 66 , 68 

Rhyniaceac, 65, 66-72 
comparisons of, 71-72 
Rhynie ('hert, fungi in, 43, 44 , 77 
vascular plants in, 25, 64 
Rhytidolepisy 113 
Rob ini a y 354 

Rocks, plant-bearing, 20-27 
source of sediments in, 22 
Roger sia angustifoliay 383 
Rosoj 352 
Rosaceae, 352, 353 
Rotodontiospermumy 230 
illinoiensey 231 

probable seed of Medullom Noeiy 232 
Rutaceae, 349 

S 

Sabaly 341 
SagenopteriSy 243 
Salicaceae, 351 
SaliXy 351 
Scdviniay 202 
SamaropaiSy 287 
annulatuSy 296 
Newberry iy 162 
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Sapindaceae, 357 
Sapindales, 357 
Sarcospermum ovale j 231 
Sassafras^ 345 
acviilobum, 346 
cretaceum, 383 
hesperia, 345 
Sauraujuy 346 
Saxifragaceae, 354 
Scheffleria, 362 
S(!honk, A., 204 
Sciadopitys^ 320 

Scliizaeaceae, in Paleoz()i(\ 178, 189 
SchizacopsiSj 201 
Schizoneura, 152 
Schizopodrurrij 81, 82 
Sciadophytoriy 79, 80 
ScolecopteriSf 191, 192 
SelagirielliteSj 94, 125 
Senftenhergia, 178 
description of, 190 
ophiodermaticaj 190 
Seguoioxylon Pearsallii^ 323 
Sequoia y 307 
concinnaj 322 
Langsdorfiij 321, 322 
magnified 1 24, 323 
problematical 320 
Heichmbachiy 322 
Sh^rmanophycus, 57 
Shifting poles, theory of, 399 
Shihhotsc series, llora of, 380 
Shirley Basin, silieified trees in, 25 
SigillariOj 112-1 16 
anatomy of, 114, 116 
distinguished from Lepidoderulron, 112 
elegansj 114 

fructiheations of, 114-116 
habit of, 112 
ichthyolepis, 113 
Menardij 114 
scutellatay 113 
spinulosa, 114 
Vanuxemiy 92 

SigillariophylhiMy 114, 116, 117 
Sigillariopsisy 116, 117 
Sigillariostrobusy 114, 115 
Silieified wood, cellulose and lignin in, 35 
Silurian, 5 

plant life of, 70, 90, 366, 368 
Simarubaceae, 349 


Sixth International Botanical Congress, 
proposals of, 409 
SmilaXy 341 
Solenopora, 47, 48 , 55 
Sophoroy 354 
Species concept, 403 
Spencerites insignis, 105 
Spermatocodony 241 
Sphaeroatomay 218, 372 
Sphagnumy 59 
Sphenobaiera y 278, 378 
Sphenophyllales, 133-139 
evolutionary trends in, 138 
reproduction in, 136 
SphenophyllostachySy 136 
Sphenophylliirny 133-136, 370 
anatomy of, 135, 136 
bifurcatumy 133 
cuneifoliumy 133, 134 
emarginatuniy 133, 134 
fructifications of, 136-138 
habit of, 133 
leaf of, 133-135 
majuSy 133, 134 
myriophyllumy 133, 134 
oblongifoliuniy 134 
plurifoliatumy 136 
queuirijidum, 135 
roots of, 136 
saxifragaefoliumy 133 
speciosuniy 133 
subtenerrimum , 1 33 
veriicillaiumy 133, 134 
Sphenopsida, 11 
classes of, 129 
Devonian, 370 
evolution of, 152, 154 
Sphenopteridium, 372 
SphenopteriSy 161 
affinisy 215, 216 
alatOy 219 

artemisaefolioideSy 163 
bifidOy 215 
description of, 166 
obtusilobay 163 
tenuiSy 194 

seed attachment to, 232, 246 
Sphenoxylony 237 , 238 
SpiraeUy 352 

SpondylophytoHy 130, 370 
Sporangitesy 50 
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Sporocarpon fiircaturriy 60 
SporogoniteSf 368 
Chapmanij 70 
exuheranSj 70 
Stauropterisj 372 

frond structure of, 187 
oldhamia, leafstalk of, 184 
StenomyeLon, 234, 235, 239 
Stenopteris^ 242 
Stephan ian, 373, 376 
Stephanospermvni, 230 
Sterculiaj colaradensis, 347 
elegansj 347 
StercAiliaceae, 346-348 
wSternberK, K., 157 
Sternbergidj 292 
Stichostelium spore type, 19 
Stigmarifij 33, 119-125 
bacupensis, 122 
of BothrodefuJron, 122 
Brardi, 122 
clay, 23 

ficoides, 33, 119, 120-122 
lateral rootlets of, 122 
structure of, 121 
surface features of, 33, 119 
morphology of, 123-125 
verrucosa, 120 
Weissiana, 122 
Stigrnariopsis, 121 
Stipa, 341 
Stromatolili'S, 46 
Stur, D., 157, 204 
Stylocalamites, 139 
Suh’^Sigillariae, 113 
Supaia, 240, 378 
linaerifolia, 379 
Sutcliffia, 228 
Svalbardia, 178 
Swedenhorgia, 328 
Sycidium, 47 
Syringodendron, 113, 114 

T 

Taeniocrada, 79, 80 
Taeniopieris, 273 
Takliostrobus, 315 
Tasmanites, 50 
Taxaceae, 307 
Taxites, 307 
Taxodiaceae, 320-324 
Taxcdioxylm, 323 


Taxodium, 323 
disiichum, 323 
dubium, 323, 324 
Taxoxylon, 307 
Tehachapi flora, 357 
Telangium, 214, 241 
distinguished from Crossotheca, 215 
fructification of Rhodett, 166 
Tempskya , 1 98-- 20 1 
anatomy of, 1 99, 200 , 
false stem of, 199 
grandis, 199 
relationships of, 201 
resemblance to Austrocicpsis, 184 
root of, 200 
wyomingensis, 199, 200 
Tertiary period, plant-bearing forma- 
tions of North America. 385 
recession of floras to lower Inlitmh'.', 
397 

Teiracera, 346 
Tetrastichia bupatides, 216 
ThamuopteriSy 178 
description of, 189 
Thinnfeldia, 239, 240, 242 
Thuja, 325 
Thujiopsis, 325 
Thursophyton, 79 
Tilia, 348 
Tiliaceae, 348 
Tingia, 154, 378 
caibonica, 377 
Todites WilUamsonii, 197 
Torellia, 278 
Torreya, 307 

Transition conifers, 310, 320 
Trapa, 387 
'iViassic, 5 

of lOastern Greenland, 396 
floras of, 380, 381 
Trigouoijarpales, 221, 230-233 
Trigonocarpus, 230 
ampullaeforme, 17 
Parkinsoni, 231 
triloculare, 17 
Triletes, 19, 107 
Triphyllopteris, 372 
description of, 167 
lescuriana, 371 
Trochiliscus, 47 
Trochodendroides, 344 
Tsuga, in Tertiary, 318 






